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PREFACE. 


P'ROM  the  primitive  pine-torch  to  the 
paraffin  candle,  how  wide  an  inter- 
val! between  them  how  vast  a contrast! 
The  means  adopted  by  man  to  illuminate 
his  home  at  night,  stamp  at  once  his  posi- 
tion in  the  scale  of  civilisation.  The  fluid 
bitumen  of  the  far  East,  blazing  in  rude 
vessels  of  baked  earth  ; the  Etruscan  lamp, 
exquisite  in  form,  yet  ill  adapted  to  its 
office;  the  whale,  seal,  or  bear  fat,  filling 
the  hut  of  the  Esquimaux  or  Lap  with 
odour  rather  than  light;  the  huge  wax 
candle  on  the  glittering  altar,  the  range  of 
gas  lamps  in  our  streets, — all  have  their 
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stories  to  tell.  All,  if  they  could  speak 
(and,  after  their  own  manner,  they  can); 
might  warm  our  hearts  in  telling,  how 
they  have  ministered  to  mans  comfort, 
love  of  home,  toil,  and  devotion. 

Surely,  among  the  millions  of  fire-wor- 
shippers and  fire-users  who  have  passed 
away  in  earlier  ages,  some  have  pondered 
over  the  mystery  of  fire ; perhaps  some 
clear  minds  have  guessed  shrewdly  near  the 
truth.  Think  of  the  time  man  has  lived  in 
hopeless  ignorance : think  that  only  during 
a period  which  might  be  spanned  by  the 
life  of  one  man,  has  the  truth  been  known. 

Atom  by  atom,  link  by  link,  has  the 
reasoning  chain  been  forged.  Some  links, 
too  quickly  and  too  slightly  made,  have 
given  way,  and  been  replaced  by  better 
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work ; but  now  the  great  phenomena  are 
known — the  outline  is  correctly  and  firmly 
drawn — cunning  artists  are  filling  in  the 
rest,  and  the  child  who  masters  these  Lec- 
tures knows  more  of  fire  than  Aristotle 
did. 

The  candle  itself  is  now  made  to  light 
up  the  dark  places  of  nature ; the  blowpipe 
and  the  prism  are  adding  to  our  know- 
ledge of  the  earth’s  crust ; but  the  torch 
must  come  first. 

Among  the  readers  of  this  book  some 
few  may  devote  themselves  to  increasing 
the  stores  of  knowledge : the  Lamp  of 
Science  must  burn.  “ Alereflammam” 
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LECTURE  I. 

A CANDLE  : THE  FLAME — ITS  SOURCES — 
STRUCTURE — MOBILITY — BRIGHTNESS. 

T PURPOSE,  in  return  for  the  honour  you  do 
us  by  coming  to  see  what  are  our  proceed- 
ings here,  to  bring  before  you,  in  the  course  of 
these  lectures,  the  Chemical  History  of  a Candle. 
I have  taken  this  subject  on  a former  occasion; 
and  were  it  left  to  my  own  will,  I should  prefer 
to  repeat  it  almost  every  year — so  abundant  is 
the  interest  that  attaches  itself  to  the  subject,  so 
wonderful  are  the  varieties  of  outlet  which  it 
offers  into  the  various  departments  of  philosophy. 
There  is  not  a law  under  which  any  part  of  this 
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universe  is  governed  which  does  not  come  into 
play,  and  is  touched  upon  in  these  phenomena. 
There  is  no  better,  there  is  no  more  open  door 
by  which  you  can  enter  into  the  study  of  natural 
philosophy,  than  by  considering  the  physical 
phenomena  of  a candle.  I trust,  therefore,  I 
shall  not  disappoint  you  in  choosing  this  for  my 
subject  rather  than  any  newer  topic,  which  could 
not  be  better,  were  it  even  so  good. 

And  before  proceeding,  let  me  say  this  also — • 
that  though  our  subject  be  so  great,  and  our 
intention  that  of  treating  it  honestly,  seriously, 
and  philosophically,  yet  I mean  to  pass  away 
from  all  those  who  are  seniors  amongst  us.  I 
claim  the  privilege  of  speaking  to  juveniles  as 
a juvenile  myself.  I have  done  so  on  former 
occasions — and,  if  you  please,  I shall  do  so  again. 
And  though  I stand  here  with  the  knowledge  of 
having  the  words  I utter  given  to  the  world,  yet 
that  shall  not  deter  me  from  speaking  in  the 
same  familiar  way  to  those  whom  I esteem 
nearest  to  me  on  this  occasion. 

And  now,  my  boys  and  girls,  I must  first  tell 
you  of  what  candles  are  made.  Some  are  great 
curiosities.  I have  here  some  bits  of  timber, 
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branches  of  trees  particularly  famous  for  their 
burning.  And  here  you  see  a piece  of  that  very 
curious  substance  taken  out  of  some  of  the  bogs 
in  Ireland,  called  candle-wood , — a hard,  strong, 
excellent  wood,  evidently  fitted  for  good  work 
as  a resister  of  force,  and  yet  withal  burning  so 
well  that  where  it  is  found  they  make  splinters 
of  it,  and  torches,  since  it  burns  like  a candle, 
and  gives  a very  good  light  indeed.  And  in 
this  wood  we  have  one  of  the  most  beautiful 
illustrations  of  the  general  nature  of  a candle 
that  I can  possibly  give.  The  fuel  provided,  the 
means  of  bringing  that  fuel  to  the  place  of 
chemical  action,  the  regular  and  gradual  supply 
of  air  to  that  place  of  action — heat  and  light — 
all  produced  by  a little  piece  of  wood  of  this 
kind,  forming,  in  fact,  a natural  candle. 

But  we  must  speak  of  candles  as  they  are  in 
commerce.  Here  are  a couple  of  candles  com- 
monly called  dips.  They  are  made  of  lengths 
of  cotton  cut  off,  hung  up  by  a loop,  dipped  into 
melted  tallow,  taken  out  again  and  cooled,  then 
re-dipped  until  there  is  an  accumulation  of  tallow 
round  the  cotton.  In  order  that  you  may  have 
an  idea  of  the  various  characters  of  these  candles, 
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you  see  these  which  I hold  in  my  hand — they 
are  very  small,  and  very  curious.  They  are,  or 
were,  the  candles  used  by  the  miners  in  coal 
mines.  In  olden  times  the  miner  had  to  find 
his  own  candles;  and  it  was  supposed  that  a 
small  candle  would  not  so  soon  set  fire  to  the 
fire-damp  in  the  coal  mines  as  a large  one;  and 
for  that  reason,  as  well  as  for  economy’s  sake,  he 
had  candles  made  of  this  sort — 20,  30,  40,  or  60 
to  the  pound.  They  have  been  replaced  since 
then  by  the  steel-mill,  and  then  by  the  Davy- 
lamp,  and  other  safety-lamps  of  various  kinds. 
I have  here  a candle  that  was  taken  out  of  the 
Royal  George  ( 1 ),  it  is  said,  by  Colonel  Pasley. 
It  has  been  sunk  in  the  sea  for  many  years, 
subject  to  the  action  of  salt  water.  It  shews 
you  how  well  candles  may  be  preserved;  for 
though  it  is  cracked  about  and  broken  a good 
deal,  yet,  when  lighted,  it  goes  on  burning 
regularly,  and  the  tallow  resumes  its  natural 
condition  as  soon  as  it  is  fused. 

Mr.  Field,  of  Lambeth,  has  supplied  me 
abundantly  with  beautiful  illustrations  of  the 
candle  and  its  materials.  I shall  therefore  now 
refer  to  them.  And,  first,  there  is  the  suet — 
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the  fat  of  the  ox — Russian  tallow,  I believe, 
employed  in  the  manufacture  of  these  dips, 
which  Gay  Lussac,  or  some  one  who  entrusted 
him  with  his  knowledge,  converted  into  that 
beautiful  substance,  stearin,  which  you  see  lying 
beside  it.  A candle,  you  know,  is  not  now  a 
greasy  thing  like  an  ordinary  tallow  candle,  but 
a clean  thing,  and  you  may  almost  scrape  off 
and  pulverise  the  drops  which  fall  from  it  with- 
out soiling  anything.  This  is  the  process  he 
adopted  (2): — The  fat  or  tallow  is  first  boiled 
with  quick-lime,  and  made  into  a soap,  and  then 
the  soap  is  decomposed  by  sulphuric  acid, 
which  takes  away  the  lime,  and  leaves  the  fat 
re-arranged  as  stearic  acid,  whilst  a quantity  of 
glycerin  is  produced  at  the  same  time.  Glycerin 
— absolutely  a sugar,  or  a substance  similar  to 
sugar — comes  out  of  the  tallow  in  this  chemical 
change.  The  oil  is  then  pressed  out  of  it;  and 
you  see  here  this  series  of  pressed  cakes,  shewing 
how  beautifully  the  impurities  are  carried  out  by 
the  oily  part  as  the  pressure  goes  on  increasing, 
and  at  last  you  have  left  that  substance  which  is 
melted,  and  cast  into  candles  as  here  represented. 
The  candle  I have  in  my  hand  is  a stearin  candle, 


1 8 THE  CHEMICAL  HISTORY  OF  A CANDLE. 

made  of  stearin  from  tallow  in  the  way  I have 
told  you.  Then  here  is  a sperm  candle,  which 
comes  from  the  purified  oil  of  the  spermaceti 
whale.  Here  also  are  yellow  bees-wax  and 
refined  bees-wax,  from  which  candles  are  made. 
Here,  too,  is  that  curious  substance  called 
paraffin,  and  some  paraffin  candles  made  of 
paraffin  obtained  from  the  bogs  of  Ireland.  I 
have  here  also  a substance  brought  from  Japan, 
since  we  have  forced  an  entrance  into  that  out- 
of-the-way  place — a sort  of  wax  which  a kind 
friend  has  sent  me,  and  which  forms  a new 
material  for  the  manufacture  of  candles. 

And  how  are  these  candles  made  ? I have 
told  you  about  dips,  and  I will  shew  you  how 
moulds  are  made.  Let  us  imagine  any  of  these 
candles  to  be  made  of  materials  which  can  be 
cast.  “Cast!”  you  say.  “Why,  a candle  is  a 
thing  that  melts;  and  surely  if  you  can  melt  it, 
you  can  cast  it.”  Not  so.  It  is  wonderful,  in 
the  progress  of  manufacture,  and  in  the  con- 
sideration of  the  means  best  fitted  to  produce 
the  required  result,  how  things  turn  up  which 
one  would  not  expect  beforehand.  Candles 
cannot  always  be  cast.  A wax  candle  can 
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never  be  cast.  It  is  made  by  a particular  pro- 
cess, which  I can  illustrate  in  a minute  or  two; 
but  I must  not  spend  much  time  on  it.  Wax  is 
a thing  which,  burning  so  well,  and  melting  so 
easily  in  a candle,  cannot  be  cast.  However,  let 
us  take  a material  that  can  be  cast.  Here  is  a 
frame,  with  a number  of  moulds  fastened  in  it. 
The  first  thing  to  be  done  is  to  put  a wick 
through  them.  Here  is  one — a plaited  wick, 
which  does  not  require  snuffing  (3) — supported 
by  a little  wire.  It  goes  to  the  bottom,  where  it 
is  pegged  in — the  little  peg  holding  the  cotton 
tight,  and  stopping  the  aperture,  so  that  nothing 
fluid  shall  run  out.  At  the  upper  part  there  is  a 
little  bar  placed  across,  which  stretches  the 
cotton  and  holds  it  in  the  mould.  The  tallow 
is  then  melted,  and  the  moulds  are  filled.  After 
a certain  time,  when  the  moulds  are  cool,  the 
excess  of  tallow  is  poured  off  at  one  corner,  and 
then  cleaned  off  altogether,  and  the  ends  of  the 
wick  cut  away.  The  candles  alone  then  remain 
in  the  mould,  and  you  have  only  to  upset  them, 
as  I am  doing,  when  out  they  tumble,  for  the 
candles  are  made  in  the  form  of  cones,  being 

narrower  at  the  top  than  at  the  bottom;  so  that 
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what  with  their  form  and  their  own  shrinking, 
they  only  need  a little  shaking,  and  out  they  fall. 
In  the  same  way  are  made  these  candles  of 
stearin  and  of  paraffin.  It  is  a curious  thing  to 
see  how  wax  candles  are  made.  A lot  of  cottons 
are  hung  upon  frames,  as  you  see  here,  and 
covered  with  metal  tags  at  the  ends  to  keep  the 
wax  from  covering  the  cotton  in  those  places. 
These  are  carried  to  a heater,  where  the  wax  is 
melted.  As  you  see,  the  frames  can  turn  round ; 
and  as  they  turn,  a man  takes  a vessel  of  wax 
and  pours  it  first  down  one,  and  then  the  next, 
and  the  next,  and  so  on.  When  he  has  gone 
once  round,  if  it  is  sufficiently  cool,  he  gives  the 
first  a second  coat,  and  so  on  until  they  are  all 
of  the  required  thickness.  When  they  have 
been  thus  clothed,  or  fed,  or  made  up  to  that 
thickness,  they  are  taken  off,  and  placed  else- 
where. I have  here,  by  the  kindness  of  Mr. 
Field,  several  specimens  of  these  candles.  Here 
is  one  only  half-finished.  They  are  then  taken 
down,  and  well  rolled  upon  a fine  stone  slab,  and 
the  conical  top  is  moulded  by  properly  shaped 
tubes,  and  the  bottoms  cut  off  and  trimmed. 
This  is  done  so  beautifully  that  they  can  make 
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candles  in  this  way  weighing  exactly  four, 
or  six,  to  the  pound,  or  any  number  they 
please. 

We  must  not,  however,  take  up  more  time 
about  the  mere  manufacture,  but  go  a little 
further  into  the  matter.  I have  not  yet  referred 
you  to  luxuries  in  candles  (for  there  is  such  a 
thing  as  luxury  in  candles).  See  how  beauti- 
fully these  are  coloured  : you  see  here  mauve, 
magenta,  and  all  the  chemical  colours  recently 
introduced,  applied  to  candles.  You  observe, 
also,  different  forms  employed.  Here  is  a fluted 
pillar  most  beautifully  shaped;  and  I have  also 
here  some  candles  sent  me  by  Mr.  Pearsall, 
which  are  ornamented  with  designs  upon  them, 
so  that  as  they  burn  you  have  as  it  were  a 
glowing  sun  above,  and  a bouquet  of  flowers 
beneath.  All,  however,  that  is  fine  and  beautiful 
is  not  useful.  These  fluted  candles,  pretty  as 
they  are,  are  bad  candles;  they  are  bad  because 
of  their  external  shape.  Nevertheless,  I shew 
you  these  specimens  sent  to  me  from  kind 
friends  on  all  sides,  that  you  may  see  what  is 
done,  and  what  may  be  done  in  this  or  that 
direction;  although,  as  I have  said,  when  we 
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come  to  these  refinements,  we  are  obliged  to 
sacrifice  a little  in  utility. 

Now,  as  to  the  light  of  the  candle.  We  will 
light  one  or  two,  and  set  them  at  work  in  the 
performance  of  their  proper  functions.  You 
observe  a candle  is  a very  different  thing  from 
a lamp.  With  a lamp  you  take  a little  oil, 
fill  your  vessel,  put  in  a little  moss  or  some 
cotton  prepared  by  artificial  means,  and  then 
light  the  top  of  the  wick.  When  the  flame 
runs  down  the  cotton  to  the  oil,  it  gets  extin- 
guished, but  it  goes  on  burning  in  the  part 
above.  Now,  I have  no  doubt  you  will  ask, 
how  is  it  that  the  oil,  which  will  not  burn  of 
itself,  gets  up  to  the  top  of  the  cotton,  where 
it  will  burn?  We  shall  presently  examine  that; 
but  there  is  a much  more  wonderful  thing  about 
the  burning  of  a candle  than  this.  You  have 
here  a solid  substance  with  no  vessel  to  contain 
it;  and  how  is  it  that  this  solid  substance  can 
get  up  to  the  place  where  the  flame  is?  How 
is  it  that  this  solid  gets  there,  it  not  being  a 
fluid?  or,  when  it  is  made  a fluid,  then  how  is 
it  that  it  keeps  together?  This  is  a wonderful 
thing  about  a candle. 
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We  have  here  a good  deal  of  wind,  which, 
will  help  us  in  some  of  our  illustrations,  but 
tease  us  in  others;  for  the  sake,  therefore,  of  a 
little  regularity,  and  to  simplify  the  matter,  I 
shall  make  a quiet  flame — for  who  can  study  a 
subject  when  there  are  difficulties  in  the  way 
not  belonging  to  it?  Here  is  a clever  inven- 
tion of  some  costermonger  or  street  stander  in 
the  market-place  for  the  shading  of  their 
candles  on  Saturday  nights,  when  they  are 
selling  their  greens,  or  potatoes,  or  fish.  I 
have  very  often  admired  it.  They  put  a 
lamp-glass  round  the  candle,  supported  on  a 
kind  of  gallery,  which  clasps  it,  and  it  can  be 
slipped  up  and  down  as  required.  By  the  use 
of  this  lamp-glass,  employed  in  the  same  way, 
you  have  a steady  flame,  which  you  can  look 
at,  and  carefully  examine,  as  I hope  you  will  do, 
at  home. 

You  see,  then,  in  the  first  instance,  that  a 
beautiful  cup  is  formed.  As  the  air  comes  to 
the  candle  it  moves  upwards  by  the  force  of 
the  current  which  the  heat  of  the  candle 
produces,  and  it  so  cools  all  the  sides  of  the 
wax,  tallow,  or  fuel,  as  to  keep  the  edge 
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much  cooler  than  the  part  within ; the  part 
within  melts  by  the  flame  that  runs  down  the 
wick  as  far  as  it  can  go  before  it  is  extin- 
guished, but  the  part  on  the  outside  does  not 
melt.  If  I made  a current  in  one  direction, 
my  cup  would  be  lop-sided,  and  the  fluid  would 
consequently  run  over, — for  the  same  force  of 
gravity  which  holds  worlds  together  holds  this 
fluid  in  a horizontal  position,  and  if  the  cup 
be  not  horizontal,  of  course  the  fluid  will  run 
away  in  guttering.  You  see,  therefore,  that  the 
cup  is  formed  by  this  beautifully  regular  ascend- 
ing current  of  air  playing  upon  all  sides,  which 
keeps  the  exterior  of  the  candle  cool.  No  fuel 
would  serve  for  a candle  which  has  not  the 
property  of  giving  this  cup,  except  such  fuel  as 
the  Irish  bogwood,  where  the  material  itself  is 
like  a sponge,  and  holds  its  own  fuel.  You  see 
now  why  you  would  have  had  such  a bad  result 
if  you  were  to  burn  these  beautiful  candles  that 
I have  shewn  you,  which  are  irregular,  inter- 
mittent in  their  shape,  and  cannot  therefore 
have  that  nicely-formed  edge  to  the  cup  which 
is  the  great  beauty  in  a candle.  I hope  you 
Avill  now  see  that  the  perfection  of  a process— 
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that  is,  its  utility — is  the  better  point  of  beauty 
about  it.  It  is  not  the  best  looking  thing, 
but  the  best  acting  thing,  which  is  the  most 
advantageous  to  us.  This  good-looking  candle 
is  a bad  burning  one.  There  will  be  a 
guttering  round  about  it  because  of  the 
irregularity  of  the  stream  of  air  and  the 
badness  of  the  cup  which  is  formed  thereby. 
You  may  see  some  pretty  examples  (and  I 
trust  you  will  notice  these  instances)  of  the 
action  of  the  ascending  current  when  you  have 
a little  gutter  run  down  the  side  of  a candle, 
making  it  thicker  there  than  it  is  elsewhere. 
As  the  candle  goes  on  burning,  that  keeps  its 
place  and  forms  a little  pillar  sticking  up  by 
the  side,  because,  as  it  rises  higher  above  the 
rest  of  the  wax  or  fuel,  the  air  gets  better  round 
it,  and  it  is  more  cooled  and  better  able  to 
resist  the  action  of  the  heat  at  a little  distance. 
Now,  the  greatest  mistakes  and  faults  with 
regard  to  candles,  as  in  many  other  things, 
often  bring  with  them  instruction  which  we 
should  not  receive  if  they  had  not  occurred. 
We  come  here  to  be  philosophers;  and  I hope 
you  will  always  remember  that  whenever  a result 
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happens,  especially  if  it  be  new,  you  should  say, 
“What  is  the  cause?  Why  does  it  occur?”  and 
you  will  in  the  course  of  time  find  out  the  reason. 

Then,  there  is  another  point  about  these 
candles  which  will  answer  a question, — that  is, 
as  to  the  way  in  which  this  fluid  gets  out  of 
the  cup,  up  the  wick,  and  into  the  place  of 
combustion.  You  know  that  the  flames  on 
these  burning  wicks  in  candles  made  of  bees- 
wax, stearin,  or  spermaceti,  do  not  run  down  to 
the  wax  or  other  matter,  and  melt  it  all  away, 
but  keep  to  their  own  right  place.  They  are 
fenced  off  from  the  fluid  below,  and  do  not 
encroach  on  the  cup  at  the  sides.  I cannot 
imagine  a more  beautiful  example  than  the 
condition  of  adjustment  under  which  a candle 
makes  one  part  subserve  to  the  other  to  the 
yery  end  of  its  action.  A combustible  thing 
like  that,  burning  away  gradually,  never  being 
intruded  upon  by  the  flame,  is  a very  beautiful 
sight;  especially  when  you  come  to  learn  what 
a vigorous  thing  flame  is — what  power  it  has 
of  destroying  the  wax  itself  when  it  gets  hold 
of  it,  and  of  disturbing  its  proper  form  if  it 
come  only  too  near. 
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But  how  does  the  flame  get  hold  of  the  fuel? 
There  is  a beautiful  point  about  that — capillary 
attraction  (4).  “ Capillary  attraction!”  you  say, 

— “ the  attraction  of  hairs.”  Well,  never  mind 
the  name:  it  was  given  in  old  times,  before  we 
had  a good  understanding  of  what  the  real 
power  was.  It  is  by  what  is  called  capillary 
attraction  that  the  fuel  is  conveyed  to  the  part 
where  combustion  goes  on,  and  is  deposited 
there,  not  in  a careless  way,  but  very  beauti- 
fully in  the  very  midst  of  the  centre  of  action 
which  takes  place  around  it.  Now,  I am  going 
to  give  you  one  or  two  instances  of  capillary 
attraction.  It  is  that  kind  of  action  or  attrac- 
tion which  makes  two  things  that  do  not 
dissolve  in  each  other  still  hold  together. 
When  you  wash  your  hands,  you  wet  them 
thoroughly;  you  take  a little  soap  to  make 
the  adhesion  better,  and  you  find  your  hand 
remains  wet.  This  is  by  that  kind  of  attraction 
of  which  I am  about  to  speak.  And,  what  is 
more,  if  your  hands  are  not  soiled  (as  they 
almost  always  are  by  the  usages  of  life),  if  you 
put  your  finger  into  a little  warm  water,  the 
water  will  creep  a little  way  up  the  finger, 
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though  you  may  not  stop  to  examine  it.  I have 
here  a substance  which  is  rather  porous  — a 
column  of  salt — and  I will  pour  into  the  plate 
at  the  bottom,  not  water,  as  it  appears,  but  a 
saturated  solution  of  salt  which  cannot  absorb 
more;  so  that  the  action  which  you  see  will 
not  be  due  to  its  dissolving  anything.  We  may 
consider  the  plate  to  be  the  candle,  and  the  salt 
the  wick,  and  this  solution  the  melted  tallow. 
(I  have  coloured  the  fluid,  that  you  may  see  the 
action  better.)  You  observe  that,  now  I pour 
in  the  fluid,  it  rises  and  gradually  creeps  up  the 
salt  higher  and  higher;  and  provided  the  column 
does  not  tumble  over,  it  will  go  to  the  top.  If 


this  blue  solution  were  combustible,  and  we 
were  to  place  a wick  at  the  top  of  the  salt, 
it  would  burn  as  it  entered  into  the  wick.  It 
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is  a most  curious  thing  to  see  this  kind  of 
action  taking  place,  and  to  observe  how  singular 
some  of  the  circumstances  are  about  it.  When 
you  wash  your  hands,  you  take  a towel  to  wipe 
off  the  water;  and  it  is  by  that  kind  of  wetting, 
or  that  kind  of  attraction  which  makes  the  towel 
become  wet  with  water,  that  the  wick  is  made 
wet  with  the  tallow.  I have  known  some  care- 
less boys  and  girls  (indeed,  I have  known  it 
happen  to  careful  people  as  well)  who,  having 
washed  their  hands  and  wiped  them  with  a 
towel,  have  thrown  the  towel  over  the  side  of 
the  basin,  and  before  long  it  has  drawn  all  the 
water  out  of  the  basin  and  conveyed  it  to  the 
floor,  because  it  happened  to  be  thrown  over 
the  side  in  such  a way  as  to  serve  the  purpose 
of  a syphon.  (s)  That  you  may  the  better  see 
the  way  in  which  the  substances  act  one  upon 
another,  I have  here  a vessel  made  of  wire 
gauze  filled  with  water,  and  you  may  compare 
it  in  its  action  to  the  cotton  in  one  respect,  or 
to  a piece  of  calico  in  the  other.  In  fact,  wicks 
are  sometimes  made  of  a kind  of  wire  gauze. 
You  will  observe  that  this  vessel  is  a porous 
thing;  for  if  I pour  a little  water  on  to  the  top, 
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it  will  run  out  at  the  bottom.  You  would  be 
puzzled  for  a good  while  if  I asked  you  what 
the  state  of  this  vessel  is,  what  is  inside  it,  and 
why  it  is  there?  The  vessel  is  full  of  water, 
and  yet  you  see  the  water  goes  in  and  runs  out 
as  if  it  were  empty.  In  order  to  prove  this  to 
you,  I have  only  to  empty  it.  The  reason  is 
this, — the  wire,  being  once  wetted,  remains  wet ; 
the  meshes  are  so  small  that  the  fluid  is 
attracted  so  strongly  from  the  one  side  to  the 
other,  as  to  remain  in  the  vessel  although  it 
is  porous.  In  like  manner  the  particles  of 
melted  tallow  ascend  the  cotton  a'nd  get  to  the 
top ; other  particles  then  follow  by  their  mutual 
attraction  for  each  other,  and  as  they  reach  the 
flame  they  are  gradually  burned. 

Here  is  another  application  of  the  same 
principle.  You  see  this  bit  of  cane.  I have 
seen  boys  about  the  streets,  who  are  very 
anxious  to  appear  like  men,  take  a piece  of 
cane,  and  light  it  and  smoke  it,  as  an  imita- 
tion of  a cigar.  They  are  enabled  to  do 
so  by  the  permeability  of  the  cane  in  one 
direction,  and  by  its  capillarity.  If  I place 
this  piece  of  cane  on  a plate  containing 
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some  camphin  (which  is  very  much  like 
paraffin  in  its  general  character),  exactly 
in  the  same  manner  as  the  blue  fluid  rose 
through  the  salt  will  this  fluid  rise  through 
the  piece  of  cane.  There  being  no  pores  at 
the  side,  the  fluid  cannot  go  in  that  direction, 
but  must  pass  through  its  length.  Already 
the  fluid  is  at  the  top  of  the  cane : now  I 
can  light  it  and  make  it  serve  as  a candle. 
The  fluid  has  risen  by  the  capillary  attraction 
of  the  piece  of  cane,  just  as  it  does  through 
the  cotton  in  the  candle. 

Now,  the  only  reason  why  the  candle  does 
not  burn  all  down  the  side  of  the  wick  is, 
that  the  melted  tallow  extinguishes  the  flame. 
You  know  that  a candle,  if  turned  upside 
down,  so  as  to  allow  the  fuel  to  run  upon 
the  wick,  will  be  put  out.  The  reason  is, 
that  the  flame  has  not  had  time  to  make  the 
fuel  hot  enough  to  burn,  as  it  does  above, 
where  it  is  carried  in  small  quantities  into 
the  wick,  and  has  all  the  effect  of  the  heat 
exercised  upon  it. 

There  is  another  condition  which  you  must 
learn  as  regards  the  candle,  without  which 
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you  would  not  be  able  fully  to  understand 
the  philosophy  of  it,  and  that  is  the  vaporous 
condition  of  the  fuel.  In  order  that  you 
may  understand  that,  let  me  shew  you  a 
very  pretty,  but  very  common  - place  experi- 
ment. If  you  blow  a candle  out  cleverly, 
you  will  see  the  vapour  rise  from  it.  You 
have,  I know,  often  smelt  the  vapour  of  a 
blown-out  candle  — and  a very  bad  smell  it 
is ; but  if  you  blow  it  out  cleverly,  you  will 
be  able  to  see  pretty  well  the  vapour  into 
which  this  solid  matter  is  transformed.  I 
will  blow  out  one  of  these  candles  in  such  a 
way  as  not  to  disturb  the  air  around  it,  by 
the  continuing  action  of  my  breath ; and  now, 
if  I hold  a lighted  taper  two  or  three  inches 
from  the  wick,  you  will  observe  a train  of 
fire  going  through  the  air  till  it  reaches  the 
candle.  I am  obliged  to  be  quick  and  ready, 
because,  if  I allow  the  vapour  time  to  cool, 
it  becomes  condensed  into  a liquid  or  solid, 
or  the  stream  of  combustible  matter  gets 
disturbed. 

Now,  as  to  the  shape  or  form  of  the  flame. 
It  concerns  us  much  to  know  about  the  con- 
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dition  which  the  matter  of  the  candle  finally 
assumes  at  the  top  of  the  wick — where  you 
have  such  beauty  and  brightness  as  nothing 


but  combustion  or  flame  can  produce.  You 
have  the  glittering  beauty  of  gold  and  silver, 
and  the  still  higher  lustre  of  jewels,  like  the 
ruby  and  diamond ; but  none  of  these  rival 
the  brilliancy  and  beauty  of  flame.  What 
diamond  can  shine  like  flame  ? It  owes  its 
lustre  at  night-time  to  the  very  flame  shining 
upon  it.  The  flame  shines  in  darkness,  but 
the  light  which  the  diamond  has  is  as  nothing 
until  the  flame  shine  upon  it,  when  it  is 
brilliant  again.  The  candle  alone  shines  by 


Fig.  2. 
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itself,  and  for  itself,  or  for  those  who  have 
arranged  the  materials.  Now,  let  us  look  a 
little  at  the  form  of  the  flame  as  you  see  it 
under  the  glass  shade.  It  is  steady  and  equal; 
and  its  general  form  is  that  which  is  repre- 
sented in  the  diagram,  varying  with  atmo- 
spheric disturbances,  and  also  varying  according 
to  the  size  of  the  candle.  It  is  a bright 
oblong — brighter  at  the  top  than  towards  the 
bottom  — with  the  wick  in  the  middle,  and 


Fig.  3- 

besides  the  wick  in  the  middle,  certain  darker 
parts  towards  the  bottom,  where  the  ignition 
is  not  so  perfect  as  in  the  part  above.  I have 
a drawing  here,  sketched  many  years  ago  by 
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Hooker,  when  he  made  his  investigations.  It 
is  the  drawing  of  the  flame  of  a lamp,  but  it 
will  apply  to  the  flame  of  a candle.  The  cup 
of  the  candle  is  the  vessel  or  lamp,  the 
melted  spermaceti  is  the  oil,  and  the  wick  is 
common  to  both.  Upon  that  he  sets  this 
little  flame,  and  then  he  represents  what  is 
true — a certain  quantity  of  matter  rising  about 
it  which  you  do  not  see,  and  which,  if  you 
have  not  been  here  before,  or  are  not  familiar 
with  the  subject,  you  will  not  know  of.  He 
has  here  represented  the  parts  of  the  sur- 
rounding atmosphere  that  are  very  essential  to 
the  flame,  and  that  are  always  present  with  it. 
There  is  a current  formed,  which  draws  the 
flame  out — for  the  flame  which  you  sec  is 
really  drawn  out  by  the  current,  and  drawn 
upward  to  a great  height — -just  as  Hooker 
has  here  shewn  you  by  that  prolongation  of 
the  current  in  the  diagram.  You  may  see 
this  by  taking  a lighted  candle,  and  putting 
it  in  the  sun  so  as  to  get  its  shadow  thrown 
on  a piece  of  paper.  How  remarkable  it  is 
that  that  thing  which  is  light  enough  to 

produce  shadows  of  other  objects,  can  be 

c 
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made  to  throw  its  own  shadow  on  a piece 
of  white  paper  or  card,  so  that  you  can 
actually  see  streaming  round  the  flame  some- 
thing which  is  not  part  of  the  flame,  but  is 
ascending  and  drawing  the  flame  upwards. 
Now,  I am  going  to  imitate  the  sunlight,  by 
applying  the  voltaic  battery  to  the  electric 
lamp.  You  now  see  our  sun,  and  its  great 
luminosity ; and  by  placing  a candle  between 
it  and  the  screen,  we  get  the  shadow  of  the 
flame.  You  observe  the  shadow  of  the  candle 


Fig.  4. 

and  of  the  wick ; then  there  is  a darkish 
part,  as  represented  in  the  diagram,  and  then 


ASCENT  OF  FLAME. 


37 


a part  which  is  more  distinct.  Curiously 
enough,  however,  what  we  see  in  the  shadow 
as  the  darkest  part  of  the  flame  is,  in  reality, 
the  brightest  part ; and  here  you  see  stream- 
ing upwards  the  ascending  current  of  hot  air, 
as  shewn  by  Hooker,  which  draws  out  the 
flame,  supplies  it  with  air,  and  cools  the  sides 
of  the  cup  of  melted  fuel. 

I can  give  you  here  a little  further  illustra- 
tion, for  the  purpose  of  shewing  you  how 
flame  goes  up  or  down,  according  to  the 
current.  I have  here  a flame  — it  is  not  a 
candle  flame — but  you  can,  no  doubt,  by  this 
time,  generalise  enough  to  be  able  to  compare 
one  thing  with  another.  What  I am  about  to 
do  is  to  change  the  ascending  current  that 
takes  the  flame  upwards  into  a descending 
current.  This  I can  easily  do  by  the  little 
apparatus  you  see  before  me.  The  flame,  as 
I have  said,  is  not  a candle  flame,  but  it  is 
produced  by  alcohol,  so  that  it  shall  not 
smoke  too  much.  I will  also  colour  the  flame 
with  another  substance  (6),  so  that  you  may 
trace  its  course ; for  with  the  spirit  alone  you 
could  hardly  see  well  enough  to  have  the 
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opportunity  of  tracing  its  direction.  By  light- 
ing  this  spirit-of-wine,  we  have  then  a flame 
produced  ; and  you  observe  that  when  held  in 
the  air,  it  naturally  goes  upwards.  You 
understand  now  easily  enough  why  flames  go 


up  under  ordinary  circumstances — it  is  because 
of  the  draught  of  air  by  which  the  combustion 
is  formed.  But  now,  by  blowing  the  flame 
down,  you  see  I am  enabled  to  make  it  go 
downwards  into  this  little  chimney — the  direc- 
tion of  the  current  being  changed.  Before  we 
have  concluded  this  course  of  lectures,  we  shall 
shew  you  a lamp  in  which  the  flame  goes  up 
and  the  smoke  does  down,  or  the  flame  does 
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down  and  the  smoke  goes  up.  You  see,  then, 
that  we  have  the  power  in  this  way  of  vary- 
ing the  flame  in  different  directions. 

o 

There  are  now  some  other  points  that  I 
must  bring  before  you.  Many  of  the  flames 
you  see  here  vary  very  much  in  their  shape 
by  the  currents  of  air  blowing  around  them 
in  different  directions  ; but  we  can,  if  we  like, 
make  flames  so  that  they  will  look  like  fixtures, 
and  we  can  photograph  them — indeed,  we  have 
to  photograph  them  — so  that  they  become 
fixed  to  us,  if  we  wish  to  find  out  everything 
concerning  them.  That,  however,  is  not  the 
only  thing  I wish  to  mention.  If  I take  a 
flame  sufficiently  large,  it  does  not  keep  that 
homogeneous,  that  uniform  condition  of  shape, 
but  it  breaks  out  with  a power  of  life  which 
is  quite  wonderful.  I am  about  to  use  another 
kind  of  fuel,  but  one  which  is  truly  and  fairly 
a representative  of  the  wax  or  tallow  of  a 
candle.  I have  here  a large  ball  of  cotton, 
which  will  serve  as  a wick.  And,  now  that  I 
have  immersed  it  in  spirit  and  applied  a light 
to  it,  in  what  way  does  it  differ  from  an 
ordinary  candle  ? Why,  it  differs  very  much 
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in  one  respect,  that  we  have  a vivacity  and 
power  about  it,  a beauty  and  a life  entirely 
different  from  the  light  presented  by  a candle. 
You  see  those  fine  tongues  of  flame  rising  up. 
You  have  the  same  general  disposition  of  the 
mass  of  the  flame  from  below  upwards ; but,  in 
addition  to  that,  you  have  this  remarkable 
breaking  out  into  tongues  which  you  do  not 
perceive  in  the  case  of  a candle.  Now,  why 
is  this  ? I must  explain  it  to  you,  because 
when  you  understand  that  perfectly,  you  will 
be  able  to  follow  me  better  in  what  I have  to 
say  hereafter.  I suppose  some  here  will  have 
made  for  themselves  the  experiment  I am 
going  to  shew  you.  Am  I right  in  supposing 
that  anybody  here  has  played  at  snapdragon  ? 
I do  not  know  a more  beautiful  illustration 
of  the  philosophy  of  flame,  as  to  a certain 
part  of  its  history,  than  the  game  of  snap- 
dragon. First,  here  is  the  dish ; and  let  me 
say,  that  when  you  play  snapdragon  properly, 
you  ought  to  have  the  dish  well-warmed ; you 
ought  also  to  have  warm  plums  and  warm 
brandy,  which,  however,  I have  not  got.  When 
you  have  put  the  spirit  into  the  dish,  you  have 
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the  cup  and  the  fuel ; and  are  not  the  raisins 
acting  like  the  wicks  ? I now  throw  the 
plums  into  the  dish,  and  light  the  spirit,  and 
you  see  those  beautiful  tongues  of  flame  that  I 
refer  to.  You  have  the  air  creeping  in  over 
the  edge  of  the  dish  forming  these  tongues. 
Why  ? Because,  through  the  force  of  the 
current  and  the  irregularity  of  the  action  of 
the  flame,  it  cannot  flow  in  one  uniform 
stream.  The  air  flows  in  so  irregularly  that 
you  have  what  would  otherwise  be  a single 
image,  broken  up  into  a variety  of  forms,  and 
each  of  these  little  tongues  has  an  independent 
existence  of  its  own.  Indeed,  I might  say, 
you  have  here  a multitude  of  independent 
candles.  You  must  not  imagine,  because  you 
see  these  tongues  all  at  once,  that  the  flame 
is  of  this  particular  shape.  A flame  of  that 
shape  is  never  so  at  any  one  time.  Never  is 
a body  of  flame,  like  that  which  you  just  saw 
rising  from  the  ball,  of  the  shape  it  appears 
to  you.  It  consists  of  a multitude  of  different 
shapes,  succeeding  each  other  so  fast  that  the 
eye  is  only  able  to  take  cognisance  of  them 
all  at  once.  In  former  times,  I purposely 
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analysed  a flame  of  that  general  character, 
and  the  diagram  shews  you  the  different  parts 
of  which  it  is  composed.  They  do  not  occur 
all  at  once : it  is  only  because  we  see  these 
shapes  in  such  rapid  succession,  that  they  seem 
to  us  to  exist  all  at  one  time. 

It  is  too  bad  that  we  have  not  got  further 
than  my  game  of  snapdragon;  but  we  must  not, 
under  any  circumstances,  keep  you  beyond  your 
time.  It  will  be  a lesson  to  me  in  future  to 


Fig.  6. 


hold  you  more  strictly  to  the  philosophy  of  the 
thing,  than  to  take  up  your  time  so  much  with 
these  illustrations. 


LECTURE  II. 


A CANDLE  : BRIGHTNESS  OF  THE  FLAME — AIR 
NECESSARY  FOR  COMBUSTION — PRODUCTION 
OF  WATER. 

IT  7E  were  occupied  the  last  time  we  met'in 
* * considering  the  general  character  and 
arrangement  as  regards  the  fluid  portion  of  a 
candle,  and  the  way  in  which  that  fluid  got  into 
the  place  of  combustion.  You  see,  when  we 
have  a candle  burning  fairly  in  a regular,  steady 
atmosphere,  it  will  have  a shape  something  like 
the  one  shewn  in  the  diagram,  and  will  look 
pretty  uniform,  although  very  curious  in  its 
character.  And  now,  I have  to  ask  your 
attention  to  the  means  by  which  we  are  enabled 
to  ascertain  what  happens  in  any  particular 
part  of  the  flame — why  it  happens,  what  it  does 
in  happening,  and  where,  after  all,  the  whole 
candle  goes  to:  because,  as  you  know  very  well, 
a candle  being  brought  before  us  and  burned, 
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disappears,  if  burned  properly,  without  the  least 
trace  of  dirt  in  the  candlestick — and  this  is  a 
very  curious  circumstance.  In  order,  then,  to 
examine  this  candle  carefully,  I have  arranged 
certain  apparatus,  the  use  of  which  you  will  see 
as  I go  on.  Here  is  a candle : I am  about  to 
put  the  end  of  this  glass  tube  into  the  middle 
of  the  flame — into  that  part  which  old  Hooker 


Fig.  7. 

has  represented  in  the  diagram  as  being  rather 
dark,  and  which  you  can  see  at  any  time,  if  you 
will  look  at  a candle  carefully,  without  blowing 
it  about.  We  will  examine  this  dark  part  first. 
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Now,  I take  this  bent  glass  tube,  and  intro- 
duce one  end  into  that  part  of  the  flame,  and 
you  see  at  once  that  something  is  coming  from 
the  flame,  out  at  the  other  end  of  the  tube;  and 
if  I put  a flask  there,  and  leave  it  for  a little 
while,  you  will  see  that  something  from  the 
middle  part  of  the  flame  is  gradually  drawn  out, 
and  goes  through  the  tube  and  into  that  flask, 
and  there  behaves  very  differently  from  what  it 
does  in  the  open  air.  It  not  only  escapes  from 
the  end  of  the  tube,  but  falls  down  to  the  bottom 
of  the  flask  like  a heavy  substance,  as  indeed  it 
is.  We  find  that  this  is  the  wax  of  the  candle 
made  into  a vaporous  fluid — not  a gas.  (You 
must  learn  the  difference  between  a gas  and  a 
vapour:  a gas  remains  permanent,  a vapour  is 
something  that  will  condense.)  If  you  blow  out  a 
candle,  you  perceive  a very  nasty  smell,  resulting 
from  the  condensation  of  this  vapour.  That  is 
very  different  from  what  you  have  outside  the 
flame;  and,  in  order  to  make  that  more  clear  to 
you,  I am  about  to  produce  and  set  fire  to  a 
larger  portion  of  this  vapour — for  what  we  have 
in  the  small  way  in  a candle,  to  understand 
thoroughly,  we  must,  as  philosophers,  produce 
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in  a larger  way,  if  needful,  that  we  may  examine 
the  different  parts.  And  now  Mr.  Anderson 
will  sdve  me  a source  of  heat,  and  I am  about  to 
shew  you  what  that  vapour  is.  Here  is  some 
wax  in  a glass  flask,  and  I am  going  to  make  it 
hot,  as  the  inside  of  that  candle-flame  is  hot, 
and  the  matter  about  the  wick  is  hot.  [The 
Lecturer  placed  some  wax  in  a glass  flask,  and 
heated  it  over  a lamp.]  Now,  I dare  say  that  is 
hot  enough  for  me.  You  see  that  the  wax 
I put  in  it  has  become  fluid,  and  there  is  a 
little  smoke  coming  from  it.  We  shall  very 
soon  have  the  vapour  rising  up.  I will  make  it 
still  hotter,  and  now  we  get  more  of  it,  so  that  I 
can  actually  pour  the  vapour  out  of  the  flask 
into  that  basin,  and  set  it  on  Are  there.  This, 
then,  is  exactly  the  same  kind  of  vapour  as  we 
have  in  the  middle  of  the  candle ; and  that  you 
may  be  sure  this  is  the  case,  let  us  try  whether 
we  have  not  got  here,  in  this  flask,  a real  com- 
bustible vapour  out  of  the  middle  of  the  candle. 
[Taking  the  flask  into  which  the  tube  from  the 
candle  proceeded,  and  introducing  a lighted 
taper.]  See  how  it  burns.  Now,  this  is  the 
vapour  from  the  middle  of  the  candle,  produced 
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by  its  own  heat;  and  that  is  one  of  the  first 
things  you  have  to  consider  with  respect  to  the 
progress  of  the  wax  in  the  course  of  its  combus- 
tion, and  as  regards  the  changes  it  undergoes. 
I will  arrange  another  tube  carefully  in  the 
flame,  and  I should  not  wonder  if  we  were  able, 
by  a little  care,  to  get  that  vapour  to  pass 
through  the  tube  to  the  other  extremity,  where 
we  will  light  it,  and  obtain  absolutely  the  flame 
of  the  candle  at  a place  distant  from  it.  Now, 
look  at  that.  Is  not  that  a very  pretty  experi- 


Fig.  8. 

ment?  Talk  about  laying  on  gas — why,  we  can 
actually  lay  on  a candle!  And  you  see  from 
this  that  there  are  clearly  two  different  kinds  of 
action — one  the  production  of  the  vapour,  and 
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the  other  the  combustion  of  it — both  of  which 
take  place  in  particular  parts  of  the  candle. 

I shall  get  no  vapour  from  that  part  which  is 
already  burnt.  If  I raise  the  tube  (fig.  7)  to  the 
upper  part  of  the  flame,  so  soon  as  the  vapour 
has  been  swept  out,  what  comes  away  will  be  no 
longer  combustible  : It  is  already  burned.  How 
burned?  Why,  burned  thus: — In  the  middle  of 
the  flame,  where  the  wick  is,  there  is  this  com- 
bustible vapour;  on  the  outside  of  the  flame  is 
the  air  which  we  shall  find  necessary  for  the 
burning  of  the  candle;  between  the  two,  intense 
chemical  action  takes  place,  whereby  the  air  and 
the  fuel  act  upon  each  other,  and  at  the  very 
same  time  that  we  obtain  light  the  vapour  inside 
is  destroyed.  If  you  examine  where  the  heat 
of  a candle  is,  you  will  find  it  very  curiously 
arranged.  Suppose  I take  this  candle,  and  hold 
a piece  of  paper  close  upon  the  flame,  where  is 
the  heat  of  that  flame?  Do  you  not  see  that  it 
is  not  in  the  inside?  It  is  in  a ring,  exactly  in 
the  place  where  I told  you  the  chemical  action 
was;  and  even  in  my  irregular  mode  of  making 
the  experiment,  if  there  is  not  too  much  dis- 
turbance, there  will  always  be  a ring.  This  is  a 
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good  experiment  for  you  to  make  at  home. 
Take  a strip  of  paper,  have  the  air  in  the  room 
quiet,  and  put  the  piece  of  paper  right  across  the 
middle  of  the  flame  (I  must  not  talk  while  I 
make  the  experiment),  and  you  will  find  that 
it  is  burnt  in  two  places,  and  that  it  is  not  burnt, 
or  very  little  so,  in  the  middle;  and  when  you 
have  tried  the  experiment  once  or  twice,  so  as 
to  make  it  nicely,  you  will  be  very  interested  to 
see  where  the  heat  is,  and  to  find  that  it  is  where 
the  air  and  the  fuel  come  together. 

This  is  most  important  for  us  as  we  proceed 
with  our  subject.  Air  is  absolutely  necessary 
for  combustion ; and,  what  is  more,  I must  have 
you  understand  that  fresh  air  is  necessary,  or 
else  we  should  be  imperfect  in  our  reasoning 
and  our  experiments.  Here  is  a jar  of  air.  I 
place  it  over  a candle,  and  it  burns  very  nicely 
in  it  at  first,  shewing  that  what  I have  said 
about  it  is  true;  but  there  will  soon  be  a change. 
See  how  the  flame  is  drawing  upwards,  presently 
fading,  and  at  last  going  out.  And  going  out, 
why?  Not  because  it  wants  air  merely,  for  the 
jar  is  as  full  now  as  it  was  before  ; but  it  wants 
pure,  fresh  air.  The  jar  is  full  of  air,  partly 
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changed,  partly  not  changed;  but  it  does  not 
contain  sufficient  of  the  fresh  air  which  is  neces- 
sary for  the  combustion  of  a candle.  These  are 
all  points  which  we,  as  young  chemists,  have  to 
gather  up;  and  if  we  look  a little  more  closely 
into  this  kind  of  action,  we  shall  find  certain 
steps  of  reasoning  extremely  interesting.  For 
instance,  here  is  the  oil-lamp  I shewed  you — an 
excellent  lamp  for  our  experiments — the  old 
Argand  lamp.  I now  make  it  like  a candle 
[obstructing  the  passage  of  air  into  the  centre  of 
the  flame];  there  is  the  cotton;  there  is  the  oil 
rising  up  it;  and  there  is  the  conical  flame.  It 
burns  poorly,  because  there  is  a partial  restraint 
of  air.  I have  allowed  no  air  to  get  to  it,  save 
round  the  outside  of  the  flame,  and  it  does  not 
burn  well.  I cannot  admit  more  air  from  the 
outside,  because  the  wick  is  large;  but  if,  as 
Argand  did  so  cleverly,  I open  a passage  to  the 
middle  of  the  flame,  and  so  let  air  come  in  there, 
you  will  see  how  much  more  beautifully  it  burns. 
If  I shut  the  air  off,  look  how  it  smokes;  and 
why?  We  have  now  some  very  interesting 
points  to  study.  We  have  the  case  of  the 
combustion  of  a candle ; we  have  the  case  of  a 
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candle  being  put  out  by  the  want  of  air;  and  we 
have  now  the  case  of  imperfect  combustion ; and 
this  is  to  us  so  interesting,  that  I want  you  to 
understand  it  as  thoroughly  as  you  do  the  case 
of  a candle  burning  in  its  best  possible  manner. 
I will  now  make  a great  flame,  because  we  need 
the  largest  possible  illustrations.  Here  is  a 
larger  wick  [burning  turpentine  on  a ball  of 
cotton].  All  these  things  are  the  same  as 
candles,  after  all.  If  we  have  larger  wicks,  we 
must  have  a larger  supply  of  air,  or  we  shall 
have  less  perfect  combustion.  Look  now  at  this 
black  substance  going  up  into  the  atmosphere; 
there  is  a regular  stream  of  it.  I have  provided 
means  to  carry  off  the  imperfectly  burned  part, 
lest  it  should  annoy  you.  Look  at  the  soots 
that  fly  off  from  the  flame : see  what  an  imper- 
fect combustion  it  is,  because  it  cannot  get 
enough  air.  What,  then,  is  happening?  Why, 
certain  things  which  are  necessary  to  the 
combustion  of  a candle  are  absent,  and  very 
bad  results  are  accordingly  produced ; but  we  see 
what  happens  to  a candle  when  it  is  burnt  in  a 
pure  and  proper  state  of  air.  At  the  time  when 

I shewed  you  this  charring  by  the  ring  of  flame 
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on  the  one  side  of  the  paper,  I might  have  also 
shewn  you,  by  turning  to  the  other  side,  that 
the  burning  of  a candle  produces  the  same  kind 
of  soot — charcoal  or  carbon. 

But,  before  I shew  that,  let  me  explain  to 
you — as  it  is  quite  necessary  for  our  purpose — 
that,  though  I take  a candle  and  give  you,  as 
the  general  result,  its  combustion  in  the  form 
of  a flame,  we  must  see  whether  combustion  is 
always  in  this  condition,  or  whether  there  are 
other  conditions  of  flame;  and  wre  shall  soon 
discover  that  there  are,  and  that  they  are  most 
important  to  us.  I think,  perhaps,  the  best 
illustration  of  such  a point  to  us,  as  juveniles,  is 
to  shew  the  result  of  strong  contrast.  Here  is  * 
a little  gunpowder.  You  know  that  gunpowder 
burns  with  flame — we  may  fairly  call  it  flame. 

It  contains  carbon  and  other  materials,  which 
altogether  cause  it  to  burn  with  a flame.  And 
here  is  some  pulverised  iron,  or  iron  filings. 
Now,  I purpose  burning  these  two  things  to- 
gether. I have  a little  mortar  in  which  I will 
mix  them.  (Before  I go  into  these  experi- 
ments, let  me  hope  that  none  of  you,  by  trying 
to  repeat  them,  for  fun’s  sake,  will  do  any  harm. 
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These  things  may  all  be  very  properly  used  if 
you  take  care;  but  without  that,  much  mischief 
will  be  done.)  Well,  then,  here  is  a little  gun- 
powder, which  I put  at  the  bottom  of  that  little 
wooden  vessel,  and  mix  the  iron  filings  up  with 
it,  my  object  being  to  make  the  gunpowder  set 
fire  to  the  filings  and  burn  them  in  the  air,  and 
thereby  shew  the  difference  between  substances 
burning  with  flame  and  not  with  flame.  Here 
is  the  mixture;  and  when  I set  fire  to  it,  you 
must  watch  the  combustion,  and  you  will  see 
that  it  is  of  two  kinds.  You  will  see  the  gun- 
powder burning  with  a flame,  and  the  filings 
thrown  up.  You  will  see  them  burning  too, 
but  without  the  production  of  flame.  They 
will  each  burn  separately.  [The  Lecturer  then 
ignited  the  mixture.]  There  is  the  gunpowder, 
which  burns  with  a flame;  and  there  are  the 
filings — they  burn  with  a different  kind  of  com- 
bustion. You  see,  then,  these  two  great  dis- 
tinctions; and  upon  these  differences  depend 
all  the  utility  and  all  the  beauty  of  flame 
which  we  use  for  the  purpose  of  giving  out 
light.  When  we  use  oil,  or  gas,  or  candle, 
for  the  purpose  of  illumination,  their  fitness 
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all  depends  upon  these  different  kinds  of  com* 
bustion. 

There  are  such  curious  conditions  of  flame, 
that  it  requires  some  cleverness  and  nicety  of 
discrimination  to  distinguish  the  kinds  of  com- 
bustion one  from  another.  For  instance,  here 
is  a powder  which  is  very  combustible,  consist- 
ing, as  you  see,  of  separate  little  particles.  It  is 
called  lycopodium  (7),  and  each  of  these  particles 
can  produce  a vapour,  and  produce  its  own 
flame;  but,  to  see  them  burning,  you  would 
imagine  it  was  all  one  flame.  I will  now  set 
fire  to  a quantity,  and  you  will  see  the  effect. 
We  saw  a cloud  of  flame,  apparently  in  one 
body;  but  that  rushing  noise  [referring  to  the 
sound  produced  by  the  burning]  was  a proof 
that  the  combustion  was  not  a continuous  or  ' 
regular  one.  This  is  the  lightning  of  the  pan- 
tomimes, and  a very  good  imitation.  [The 
experiment  was  twice  repeated  by  blowing 
lycopodium  from  a glass  tube  through  a spirit- 
flame.]  This  is  not  an  example  of  combustion 
like  that  of  the  filings  I have  been  speaking 
of,  to  which  we  must  now  return. 

Suppose  I take  a candle,  and  examine  that 
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part  of  it  which  appears  brightest  to  our  eyes. 
Why,  there  I get  these  black  particles,  which 
already  you  have  seen  many  times  evolved  from 
the  flame,  and  which  I am  now  about  to  evolve 
in  a different  way.  I will  take  this  candle  and 
clear  away  the  gutterage,  which  occurs  by 
reason  of  the  currents  of  air;  and  if  I now 
arrange  a glass  tube  so  as  just  to  dip  into  this 
luminous  part,  as  in  our  first  experiment,  only 
higher,  you  see  the  result.  In  place  of  having 
the  same  white  vapour  that  you  had  before,  you 
will  now  have  a black  vapour.  There  it  goes, 
as  black  as  ink.  It  is  certainly  very  different 
from  the  white  vapour;  and  when  we  put  a light 
to  it,  we  shall  find  that  it  does  not  burn,  but 
that  it  puts  the  light  out.  Well,  these  particles, 
as  I said  before,  are  just  the  smoke  of  the 
candle ; and  this  brings  to  mind  that  old 
employment  which  Dean  Swift  recommended  to 
servants  for  their  amusement,  namely,  writing 
on  the  ceiling  of  a room  with  a candle.  But 
what  is  that  black  substance?  Why,  it  is  the 
same  carbon  which  exists  in  the  candle.  How 
comes  it  out  of  the  candle  ? It  evidently 
existed  in  the  candle,  or  else  we  should  not 
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have  had  it  here.  And  now  I want  you  to 
follow  me  in  this  explanation.  You  would 
hardly  think  that  all  those  substances  which 
fly  about  London,  in  the  form  of  soots  and 
blacks,  are  the  very  beauty  and  life  of  the 
flame,  and  which  are  burned  in  it  as  those  iron 
filings  were  burned  here.  Here  is  a piece  of 
wire  gauze,  which  will  not  let  the  flame  go 
through  it;  and  I think  you  will  see,  almost 
immediately,  that  when  I bring  it  low  enough 
to  touch  that  part  of  the  flame  which  is  other- 
wise so  bright,  that  it  quells  and  quenches 
it  at  once,  and  allows  a volume  of  smoke  to 
rise  up. 

I want  you  now  to  follow  me  in  this  point, — 
that  whenever  a substance  burns,  as  the  iron 
filings  burnt  in  the  flame  of  gunpowder,  with- 
out assuming  the  vaporous  state  (whether  it 
becomes  liquid  or  remains  solid),  it  becomes 
exceedingly  luminous.  I have  here  taken  three 
or  four  examples  apart  from  the  candle,  on 
purpose  to  illustrate  this  point  to  you  ; because 
what  I have  to  say  is  applicable  to  all  sub- 
stances, whether  they  burn  or  whether  they  do 
not  burn, — that  they  are  exceedingly  bright  if 
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they  retain  their  solid  state,  and  that  it  is  to 
this  presence  of  solid  particles  in  the  candle- 
flame  that  it  owes  its  brilliancy. 

Here  is  a platinum-wire,  a body  which  does 
not  change  by  heat.  If  I heat  it  in  this  flame, 
see  how  exceedingly  luminous  it  becomes.  I 
will  make  the  flame  dim,  for  the  purpose  of 
giving  a little  light  only,  and  yet  you  will  see 
that  the  heat  which  it  can  give  to  that  plati- 
num-wire, though  far  less  than  the  heat  it  has 
itself,  is  able  to  raise  the  platinum-wire  to  a 
far  higher  state  of  effulgence.  This  flame  has 
carbon  in  it;  but  I will  take  one  that  has  no 
carbon  in  it.  There  is  a material,  a kind  of 
fuel — a vapour,  or  gas,  whichever  you  like  to 
call  it — in  that  vessel,  and  it  has  no  solid  par- 
ticles in  it;  so  I take  that  because  it  is  an 
example  of  flame  itself  burning  without  any 
solid  matter  whatever;  and  if  I now  put  this 
solid  substance  in  it,  you  see  what  an  intense 
heat  it  has,  and  how  brightly  it  causes  the 
solid  body  to  glow.  This  is  the  pipe  through 
which  we  convey  this  particular  gas,  which  we 
call  hydrogen,  and  which  you  shall  know  all 
about  next  time  we  meet.  And  here  is  a sub- 
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stance  called  oxygen,  by  means  of  which  this 
hydrogen  can  burn;  and  although  we  produce, 
by  their  mixture,  far  greater  heat  (8)  than  you 
can  obtain  from  the  candle,  yet  there  is  very 
little  light.  If,  however,  I take  a solid  sub- 
stance, and  put  that  into  it,  we  produce  an 
intense  light.  If  I take  a piece  of  lime,  a 
substance  which  will  not  burn,  and  which  will 
not  vaporise  by  the  heat  (and  because  it  does 
not  vaporise,  remains  solid,  and  remains  heated), 
you  will  soon  observe  what  happens  as  to  its 
glowing.  I have  here  a most  intense  heat, 
produced  by  the  burning  of  hydrogen  in  con- 
tact with  the  oxygen;  but  there  is  as  yet 
very  little  light — not  for  want  of  heat,  but  for 
want  of  particles  which  can  retain  their  solid 
state;  but  when  I hold  this  piece  of  lime  in 
the  flame  of  the  hydrogen  as  it  burns  in  the 
oxygen,  see  how  it  glows!  This  is  the  glorious 
lime-light,  which  rivals  the  voltaic-light,  and 
which  is  almost  equal  to  sunlight.  I have  here 
a piece  of  carbon  or  charcoal,  which  will  burn 
and  give  us  light  exactly  in  the  same  manner 
as  if  it  were  burnt  as  part  of  a candle.  The 
heat  that  is  in  the  flame  of  a candle  decomposes 
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the  vapour  of  the  wax,  and  sets  free  the  carbon 
particles — they  rise  up  heated  and  glowing  as 
this  now  glows,  and  then  enter  into  the  air. 
But  the  particles  when  burnt  never  pass  off 
from  a candle  in  the  form  of  carbon.  They 
go  off  into  the  air  as  a perfectly  invisible  sub- 
stance, about  which  we  shall  know  hereafter. 

Is  it  not  beautiful  to  think  that  such  a process 
is  going  on,  and  that  such  a dirty  thing  as 
charcoal  can  become  so  incandescent?  You 
see  it  comes  to  this  — that  all  bright  flames 
contain  these  solid  particles ; all  things  that 
burn  and  produce  solid  particles,  either  during 
the  time  they  are  burning,  as  in  the  candle, 
or  immediately  after  being  burnt,  as  in  the 
case  of  the  gunpowder  and  iron-filings, — all 
these  things  give  us  this  glorious  and  beauti- 
ful light. 

I will  give  you  a few  illustrations.  Here  is 
a piece  of  phosphorus,  which  burns  with  a 
bright  flame.  Very  well ; we  may  now  con- 
clude that  phosphorus  will  produce,  either  at 
the  moment  that  it  is  burning  or  afterwards, 
these  solid  particles.  Here  is  the  phosphorus 
lighted,  and  I cover  it  over  with  this  glass  for 
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the  purpose  of  keeping  in  what  is  produced. 
What  is  all  that  smoke  ? That  smoke  con- 
sists of  those  very  particles  which  are  pro- 
duced by  the  combustion  of  the  phosphorus. 
Here,  again,  are  two  substances.  This  is 
chlorate  of  potassa,  and  this  other  sulphuret 
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of  antimony.  I shall  mix  these  together  a 
little,  and  then  they  may  be  burnt  in  many 
ways.  I shall  touch  them  with  a drop  of 
sulphuric  acid,  for  the  purpose  of  giving  you 
an  illustration  of  chemical  action,  and  they 
will  instantly  burn  (9).  [The  Lecturer  then 
ignited  the  mixture  by  means  of  sulphuric 
acid.]  Now,  from  the  appearance  of  things, 
you  can  judge  for  yourselves  whether  they 
produce  solid  matter  in  burning.  I have  given 
you  the  train  of  reasoning  which  will  enable 
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you  to  say  whether  they  do  or  do  not ; for 
what  is  this  bright  flame  but  the  solid  par- 
ticles passing  off? 

Mr.  Anderson  has  in  the  furnace  a very  hot 
crucible, — I am  about  to  throw  into  it  some 
zinc  filings,  and  they  will  burn  with  a flame 
like  gunpowder.  I make  this  experiment 
because  you  can  make  it  well  at  home.  Now, 
I want  you  to  see  what  will  be  the  result  of 
the  combustion  of  this  zinc.  Here  it  is  burn- 
ing— burning  beautifully  like  a candle,  I may 
say.  But  what  is  all  that  smoke,  and  what 
are  those  little  clouds  of  wool  which  will  come 
to  you  if  you  cannot  come  to  them,  and  make 
themselves  sensible  to  you  in  the  form  of  the 
old  philosophic  wool,  as  it  was  called?  We 
shall  have  left  in  that  crucible,  also,  a quantity 
of  this  woolly  matter.  But  I will  take  a piece 
of  this  same  zinc  and  make  an  experiment  a 
little  more  closely  at  home,  as  it  were.  You 
will  have  here  the  same  thing  happening.  Here 
is  the  piece  of  zinc,  there  [pointing  to  a jet  of 
hydrogen]  is  the  furnace,  and  we  will  set  to 
work  and  try  and  burn  the  metal.  It  glows, 
you  see:  there  is  the  combustion,  and  there  is 
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the  white  substance  into  which  it  burns.  And 
so,  if  I take  that  flame  of  hydrogen  as  the 
representative  of  a candle,  and  shew  you  a 
substance  like  zinc  burning  in  the  flame,  you 
will  see  that  it  was  merely  during  the  action  of 
combustion  that  this  substance  glowed — while 
it  was  kept  hot ; and  if  I take  a flame  of 
hydrogen,  and  put  this  white  substance  from 
the  zinc  into  it,  look  how  beautifully  it  glows, 
and  just  because  it  is  a solid  substance. 

I will  now  take  such  a flame  as  I had  a 
moment  since,  and  set  free  from  it  the  particles 
of  carbon.  Here  is  some  camphine,  which  will 
burn  with  a smoke;  but  if  I send  these  particles 
of  smoke  through  this  pipe  into  the  hydrogen 
flame,  you  will  see  they  will  burn  and  become 
luminous,  because  we  heat  them  a second 
time.  There  they  are.  Those  are  the  par- 
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tides  of  carbon  re-ignited  a second  time. 
They  are  those  particles  which  you  can  easily 
see  by  holding  a piece  of  paper  behind 
them,  and  which,  whilst  they  are  in  the  flame, 
are  ignited  by  the  heat  produced,  and,  when 
so  ignited,  produce  this  brightness.  When 
the  particles  arc  not  separated,  you  get  no 
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brightness.  The  flame  of  coal-gas  owes  its 
brightness  to  the  separation,  during  combus- 
tion, of  these  particles  of  carbon,  which  are 
equally  in  that  as  in  a candle.  I can  veiy 
quickly  alter  that  arrangement.  Here,  for 
instance,  is  a bright  flame  of  gas.  Supposing 
I add  so  much  air  to  the  flame  as  to  cause 
it  all  to  burn  before  those  particles  are  set 
free,  I shall  not  have  this  brightness ; and  I 
can  do  that  in  this  way : — If  I place  over  the 
jet  this  wire-gauze  cap,  as  you  see,  and  then 
light  the  gas  over  it,  it  burns  with  a non- 
luminous  flame,  owing  to  its  having  plenty  of 
air  mixed  with  it  before  it  burns;  and  if  I raise 
the  gauze,  you  see  it  does  not  burn  below  (I0). 
There  is  plenty  of  carbon  in  the  gas ; but, 
because  the  atmosphere  can  get  to  it,  and  mix 
with  it  before  it  burns,  you  see  how  pale  and 
blue  the  flame  is.  And  if  I blow  upon  a 
bright  gas  - flame,  so  as  to  consume  all  this 
carbon  before  it  gets  heated  to  the  glowing 
point,  it  will  also  burn  blue.  [The  Lecturer 
illustrated  his  remarks  by  blowing  on  the  gas- 
light.] The  only  reason  why  I have  not  the 
same  bright  light  when  I thus  blow  upon  the 
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flame  is,  that  the  carbon  meets  with  sufficient 
air  to  burn  it  before  it  gets  separated  in  the 
flame  in  a free  state.  The  difference  is  solely 
due  to  the  solid  particles  not  being  separated 
before  the  gas  is  burnt. 

You  observe  that  there  are  certain  products 
as  the  result  of  the  combustion  of  a candle, 
and  that  of  these  products  one  portion  may  be 
considered  as  charcoal,  or  soot;  that  charcoal, 
when  afterwards  burnt,  produces  some  other 
product;  and  it  concerns  us  very  much  now  to 
ascertain  what  that  other  product  is.  We 
shewed  that  something  was  going  away;  and  I 
want  you  now  to  understand  how  much  is  going 
up  into  the  air;  and  for  that  purpose  we  will  have 
combustion  on  a little  larger  scale.  From  that 
candle  ascends  heated  air,  and  two  or  three 
experiments  will  shew  you  the  ascending  cur- 
rent; but,  in  order  to  give  you  a notion  of  the 
quantity  of  matter  which  ascends  in  this  way,  I 
will  make  an  experiment  by  which  I shall  try  to 
imprison  some  of  the  products  of  this  combustion. 
For  this  purpose  I have  here  what  boys  call  a 
fire-balloon.  I use  this  fire-balloon  merely  as  a 
sort  of  measure  of  the  result  of  the  combustion 
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we  are  considering;  and  I am  about  to  make  a 
flame  in  such  an  easy  and  simple  manner  as 
shall  best  serve  my  present  purpose.  This  plate 
shall  be  the  “cup,”  we  will  so  say,  of  the  candle; 
this  spirit  shall  be  our  fuel;  and  I am  about  to 
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place  this  chimney  over  it,  because  it  is  better 
for  me  to  do  so  than  to  let  things  proceed  at 
random.  Mr.  Anderson  will  now  light  the  fuel, 
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and  here  at  the  top  we  shall  get  the  results 
of  the  combustion.  What  we  get  at  the  top  of 
that  tube  is  exactly  the  same,  generally  speaking, 
as  you  get  from  the  combustion  of  a candle;  but 
we  do  not  get  a luminous  flame  here,  because 
we  use  a substance  which  is  feeble  in  carbon.  I 
am  about  to  put  this  balloon — not  into  action, 
because  that  is  not  my  object — but  to  shew  you 
the  effect  which  results  from  the  action  of  those 
products  which  arise  from  the  candle,  as  they 
arise  here  from  the  furnace.  [The  balloon  was 
held  over  the  chimney,  when  it  immediately 
commenced  to  fill.]  You  see  how  it  is  disposed 
to  ascend ; but  we  must  not  let  it  up,  because  it 
might  come  in  contact  with  those  upper  gas- 
lights, and  that  would  be  very  inconvenient. 
[The  upper  gas-lights  were  turned  out,  at  the 
request  of  the  Lecturer,  and  the  balloon  was 
allowed  to  ascend.]  Does  not  that  shew  you 
what  a large  bulk  of  matter  is  being  evolved? 
Now,  there  is  going  through  this  tube  [placing  a 
large  glass  tube  over  a candle]  all  the  products 
of  that  candle,  and  you  will  presently  sec  that 
the  tube  will  become  quite  opaque.  Suppose  I 
take  another  candle,  and  place  it  under  a jar, 


WATER  A PRODUCT  OF  COMBUSTION.  67 

and  then  put  a light  on  the  other  side,  just  to 
shew  you  what  is  going  on.  You  see  that  the 
sides  of  the  jar  become  cloudy,  and  the  light 
begins  to  burn  feebly.  It  is  the  products,  you 
see,  which  make  the  light  so  dim,  and  this  is  the 
same  thing  which  makes  the  sides  of  the  jar  so 
opaque.  If  you  go  home  and  take  a spoon  that 
has  been  in  the  cold  air,  and  hold  it  over  a 
candle — not  so  as  to  soot  it — you  will  find  that 
it  becomes  dim,  just  as  that  jar  is  dim.  If  you 
can  get  a silver  dish,  or  something  of  that  kind, 
you  will  make  the  experiment  still  better.  And 
now,  just  to  carry  your  thoughts  forward  to  the 
time  we  shall  next  meet,  let  me  tell  you  that  it 
is  water  which  causes  the  dimness ; and  when  we 
next  meet,  I will  shew  you  that  we  can  make  it, 
without  difficulty,  assume  the  form  of  a liquid. 
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LECTURE  III. 

PRODUCTS:  WATER  FROM  THE  COMBUSTION — 
NATURE  OF  WATER — A COMPOUND — HYDRO- 
GEN. 

T DARE  say  you  will  remember  that  when 
we  parted  we  had  just  mentioned  the  word 
“ products  ” from  the  candle.  For  when  a 
candle  burns  we  found  we  were  able,  by  nice 
adjustment,  to  get  various  products  from  it. 
There  was  one  substance  which  was  not 
obtained  when  the  candle  was  burning  pro- 
perly, which  was  charcoal  or  smoke;  and  there 
was  some  other  substance  that  went  upwards 
from  the  flame  which  did  not  appear  as  smoke, 
but  took  some  other  form,  and  made  part  of 
that  general  current  which,  ascending  from  the 
candle  upwards,  becomes  invisible,  and  escapes. 
There  were  also  other  products  to  mention. 
You  remember  that  in  that  rising  current  having 
its  origin  at  the  candle,  we  found  that  one  part 
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was  condensable  against  a cold  spoon,  or 
against  a clean  plate,  or  any  other  cold  thing, 
and  another  part  was  incondensable. 

We  will  first  take  the  condensable  part,  and 
examine  it ; and,  strange  to  say,  we  find  that 
that  part  of  the  product  is  just  water — nothing 
but  water.  On  the  last  occasion  I spoke  of  it 
incidentally,  merely  saying  that  water  was 
produced  among  the  condensable  products  of 
the  candle;  but  to-day  I wish  to  draw  your 
attention  to  water,  that  we  may  examine  it 
carefully,  especially  in  relation  to  this  subject, 
and  also  with  respect  to  its  general  existence  on 
the  surface  of  the  globe. 

Now,  having  previously  arranged  an  experi- 
ment for  the  purpose  of  condensing  water  from 
the  products  of  the  candle,  my  next  point  will 
be  to  shew  you  this  water;  and  perhaps  one  of 
the  best  means  that  I can  adopt  for  shewing  its 
presence  to  so  many  at  once,  is  to  exhibit  a very 
visible  action  of  water,  and  then  to  apply  that 
test  to  what  is  collected  as  a drop  at  the  bottom 
of  that  vessel.  I have  here  a chemical  sub- 
stance, discovered  by  Sir  Humphrey  Davy, 
which  has  a very  energetic  action  upon  water, 
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which  I shall  use  as  a test  of  the  presence  of 
water.  If  I take  a little  piece  of  it — it  is  called 
potassium,  as  coming  from  potash, — if  I take  a 
little  piece  of  it,  and  throw  it  into  that  basin, 
you  see  how  it  shews  the  presence  of  water  by 
lighting  up  and  floating  about,  burning  with  a 
violent  flame.  I am  now  going  to  take  away 
the  candle  which  has  been  burning  beneath  the 

o 

vessel  containing  ice  and  salt,  and  you  see  a 
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drop  of  water — a condensed  product  of  the 
candle — hanging  from  under  the  surface  of  the 
dish.  I will  shew  you  that  potassium  has  the 
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same  action  upon  it  as  upon  the  water  in  that 
basin  in  the  experiment  we  have  just  tried. 
See,  it  takes  fire,  and  burns  in  just  the  same 
manner.  I will  take  another  drop  upon  this 
glass  slab,  and  when  I put  the  potassium  on  to 
it,  you  see  at  once,  from  its  taking  fire,  that 
there  is  water  present.  Now,  that  water  was 
produced  by  the  candle.  In  the  same  manner, 
if  I put  this  spirit-lamp  under  that  jar,  you  will 
soon  see  the  latter  become  damp,  from  the  dew 
which  is  deposited  upon  it — that  dew  being  the 
result  of  combustion;  and  I have  no  doubt  you 
will  shortly  see  by  the  drops  of  water  which  fall 
upon  the  paper  below,  that  there  is  a good  deal 
of  water  produced  from  the  combustion  of  the 
lamp.  I will  let  it  remain,  and  you  can  after- 
wards see  how  much  water  has  been  collected. 
So,  if  I take  a gas-lamp,  and  put  any  cooling 
arrangement  over  it,  I shall  get  water — water 
being  likewise  produced  from  the  combustion 
of  gas.  Here,  in  this  bottle,  is  a quantity  of 
water — perfectly  pure,  distilled  water,  produced 
from  the  combustion  of  a gas-lamp — in  no  point 
different  from  the  water  that  you  distil  from  the 
river,  or  ocean,  or  spring,  but  exactly  the  same 
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thing.  Water  is  one  individual  thing — it  never 
changes.  We  can  add  to  it  by  careful  adjust- 
ment, for  a little  while,  or  we  can  take  it  apart, 
and  get  other  things  from  it;  but  water,  as 
water,  remains  always  the  same,  either  in  a 
solid,  liquid,  or  fluid  state.  Here,  again  [holding 
another  bottle],  is  some  water  produced  by  the 
combustion  of  an  oil-lamp.  A pint  of  oil,  when 
burnt  fairly  and  properly,  produces  rather  more 
than  a pint  of  water.  Here,  again,  is  some 
water,  produced  by  a rather  long  experiment 
from  a wax  candle.  And  so  we  can  go  on  with 
almost  all  combustible  substances,  and  find 
that  if  they  burn  with  a flame,  as  a candle,  they 
produce  water.  You  may  make  these  experi- 
ments yourselves.  The  head  of  a poker  is  a 
very  good  thing  to  try  with,  and  if  it  remains 
cold  long  enough  over  the  candle,  you  may  get 
water  condensed  in  drops  on  it;  or  a spoon  or 
ladle,  or  anything  else  may  be  used,  provided 
it  be  clean,  and  can  carry  off  the  heat,  and  so 
condense  the  water. 

And  now  — to  go  into  the  history  of  this 
wonderful  production  of  water  from  com- 
bustibles, and  by  combustion  — I must  first 
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of  all  tell  you  that  this  water  may  exist  in 
different  conditions ; and  although  you  may 
now  be  acquainted  with  all  its  forms,  they 
still  require  us  to  give  a little  attention  to 
them  for  the  present,  so  that  we  may  per- 
ceive how  the  water,  whilst  it  goes  through 
its  Protean  changes,  is  entirely  and  absolutely 
the  same  thing,  whether  it  is  produced  from 
a candle,  by  combustion,  or  from  the  rivers 
or  ocean. 

First  of  all,  water,  when  at  the  coldest,  is 
ice.  Now,  we  philosophers — I hope  that  I 
may  class  you  and  myself  together  in  this  case 
— speak  of  water  as  water,  whether  it  be  in 
its  solid,  or  liquid,  or  gaseous  state, — we  speak 
of  it  chemically  as  water.  Water  is  a thing 
compounded  of  two  substances,  one  of  which 
wc  have  derived  from  the  candle,  and  the 
other  we  shall  find  elsewhere.  Water  may 
occur  as  ice ; and  you  have  had  most  excel- 
lent opportunities  lately  of  seeing  this.  Ice 
changes  back  into  water — for  we  had  on  our 
last  Sabbath  a strong  instance  of  this  change, 
by  the  sad  catastrophe  which  occurred  in  our 
own  house,  as  well  as  in  the  houses  of  many 
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of  our  friends, — ice  changes  back  into  water 
when  the  temperature  is  raised : water  also 
changes  into  steam  when  it  is  warmed  enough. 
The  water  which  we  have  here  before  us  is 
in  its  densest  state  (“),  and  although  it 
changes  in  weight,  in  condition,  in  form,  and 
in  many  other  qualities,  it  still  is  water ; and 
whether  we  alter  it  into  ice  by  cooling,  or 
whether  we  change  it  into  steam  by  heat,  it 
increases  in  volume,  — in  the  one  case  very 
strangely  and  powerfully,  and  in  the  other 
case  very  largely  and  wonderfully.  For  in- 
stance, I will  now  take  this  tin  cylinder,  and 
pour  a little  water  into  it ; and  seeing  how 
much  water  I pour  in,  you  may  easily  estimate 
for  yourselves  how  high  it  will  rise  in  the 
vessel : it  will  cover  the  bottom  about  two 
inches.  I am  now  about  to  convert  the  water 
into  steam,  for  the  purpose  of  shewing  to  you 
the  different  volumes  which  water  occupies  in 
its  different  states  of  water  and  steam. 

Let  us  now  take  the  case  of  water  changing 
into  ice:  we  can  effect  that  by  cooling  it  in 
a mixture  of  salt  and  pounded  ice  (l2) ; and  I 
shall  do  so  to  shew  you  the  expansion  of  water 
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into  a thing  of  larger  bulk  when  it  is  so 
changed.  Tnese  bottles  [holding  one]  are 
made  of  strong  cast  iron,  very  strong  and  very 
thick — I suppose  they  are  the  third  of  an  inch 
in  thickness  ; they  are  very  carefully  filled 
with  water,  so  as  to  exclude  all  air,  and  then 
they  are  screwed  down  tight.  We  shall  see 
that  when  we  freeze  the  water  in  these  iron 
vessels,  they  will  not  be  able  to  hold  the  ice, 
and  the  expansion  within  them  will  break 
them  in  pieces  as  these  [pointing  to  some 
fragments]  are  broken,  which  have  been  bottles 
of  exactly  the  same  kind.  I am  about  to  put 
these  two  bottles  into  that  mixture  of  ice  and 
salt,  for  the  purpose  of  shewing  that  when 
water  becomes  ice,  it  changes  in  volume  in 
this  extraordinary  way. 

In  the  mean  time  look  at  the  change  which 
has  taken  place  in  the  water  to  which  we  have 
applied  heat — it  is  losing  its  fluid  state.  You 
may  tell  this  by  two  or  three  circumstances. 
I have  covered  the  mouth  of  this  glass  flask, 
in  which  water  is  boiling,  with  a watch-glass. 
Do  you  see  what  happens  ? It  rattles  away 
like  a valve  chattering,  because  the  steam 
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rising  from  the  boiling  water  sends  the  valve 
up  and  down,  and  forces  itself  out,  and  so 
makes  it  clatter.  You  can  very  easily  per- 
ceive that  the  flask  is  quite  full  of  steam,  or 
else  it  would  not  force  its  way  out.  You  see, 
also,  that  the  flask  contains  a substance  very 
much  larger  than  the  water,  for  it  fills  the 
whole  of  the  flask  over  and  over  again,  and 
there  it  is  blowing  away  into  the  air ; and  yet 
you  cannot  observe  any  great  diminution  in 
the  bulk  of  the  water,  which  shews  you  that 
its  change  of  bulk  is  very  great  when  it 
becomes  steam. 

I have  put  our  iron  bottles  containing  water 
into  this  freezing  mixture,  that  you  may  see 
what  happens.  No  communication  will  take 
place,  you  observe,  between  the  water  in  the 
bottles  and  the  ice  in  the  outer  vessel.  But 
there  will  be  a conveyance  of  heat  from  the 
one  to  the  other;  and  if  we  are  successful  — 
we  are  making  our  experiment  in  very  great 
haste — I expect  you  will  by-and-by,  so  soon 
as  the  cold  has  taken  possession  of  the  bottles 
and  their  contents,  hear  a pop  on  the  occasion 
of  the  bursting  of  the  one  bottle  or  the  other; 
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and,  when  we  come  to  examine  the  bottles, 
we  shall  find  their  contents  masses  of  ice, 
partly  enclosed  by  the  covering  of  iron  which 
is  too  small  for  them,  because  the  ice  is  larger 
in  bulk  than  the  water.  You  know  very  well 
that  ice  floats  upon  water : if  a boy  falls 

through  a hole  into  the  water,  he  tries  to  get 
on  the  ice  again  to  float  him  up.  Why  does 
the  ice  float  ? — think  of  that,  and  philosophise. 
Because  the  ice  is  larger  than  the  quantity  of 
water  which  can  produce  it ; and  therefore  the 
ice  weighs  the  lighter,  and  the  water  is  the 
heavier. 

To  return  now  to  the  action  of  heat  on 
water.  See  what  a stream  of  vapour  is  issuing 
from  this  tin  vessel ! You  observe,  we  must 
have  made  it  quite  full  of  steam  to  have  it 
sent  out  in  that  great  quantity.  And  now,  as 
we  can  convert  the  water  into  steam  by  heat, 
we  convert  it  back  into  liquid  water  by  the 
application  of  cold.  And  if  we  take  a glass, 
or  any  other  cold  thing,  and  hold  it  over  this 
steam,  see  how  soon  it  gets  damp  with  water; 
it  will  condense  it  until  the  glass  is  warm — 
it  condenses  the  water  which  is  now  running 
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down  the  sides  of  it.  I have  here  another 
experiment  to  shew  the  condensation  of  water 
from  a vaporous  state  back  into  a liquid  state, 
in  the  same  way  as  the  vapour,  one  of  the 
products  of  the  candle,  was  condensed  against 
the  bottom  of  the  dish,  and  obtained  in  the 
form  of  water ; and  to  shew  you  how  truly 
and  thoroughly  these  changes  take  place,  I 
will  take  this  tin  flask,  which  is  now  full  of 
steam,  and  close  the  top.  We  shall  see  what 
takes  place  when  we  cause  this  water  or  steam 
to  return  back  to  the  fluid  state  by  pouring 
some  cold  water  on  the  outside.  [The  Lecturer 
poured  the  cold  water  over  the  vessel,  when  it 
immediately  collapsed.]  You  see  what  has 
happened.  If  I had  closed  the  stopper,  and 
still  kept  the  heat  applied  to  it,  it  would 
have  burst  the  vessel ; yet,  when  the  steam 
returns  to  the  state  of  water,  the  vessel  collapses, 
there  being  a vacuum  produced  inside  by  the 
condensation  of  the  steam.  I shew  you  these 
experiments  for  the  purpose  of  pointing  out 
that  in  all  these  occurrences  there  is  nothing" 
that  changes  the  water  into  any  other  thing — 
it  still  remains  water ; and  so  the  vessel  is 
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obliged  to  give  way,  and  is  crushed  inwards, 
as  in  the  other  case,  by  the  further  appli- 


cation of  heat,  it  would  have  been  blown 
outwards. 

And  what  do  you  think  the  bulk  of  that 
water  is  when  it  assumes  the  vaporous  con- 
dition ? You  see  that  cube  [pointing  to  a 
cubic  foot].  There,  by  its  side,  is  a cubic  inch, 
exactly  the  same  shape  as  the  cubic  foot,  and 
that  bulk  of  water  [the  cubic  inch]  is  suffi- 
cient to  expand  into  that  bulk  [the  cubic  foot] 
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of  steam ; and,  on  the  contrary,  the  application 
of  cold  will  contract  that  large  quantity  of 
steam  into  this  small  quantity  of  water.  [One 
of  the  iron  bottles  burst  at  that  moment.] 
Ah ! There  is  one  of  our  bottles  burst,  and 
here  you  see  is  a crack  down  one  side  an 
eighth  of  an  inch  in  width.  [The  other  now 


Fig-  13- 


exploded,  sending  the  freezing  mixture  in  all 
directions.]  This  other  bottle  is  also  broken; 
although  the  iron  was  nearly  half-an-inch 
thick,  the  ice  has  burst  it  asunder.  These 
changes  always  take  place  in  water  : they  do 
not  require  to  be  always  produced  by  artificial 
means, — we  only  use  them  here  because  we 
want  to  produce  a small  winter  round  that 
little  bottle,  instead  of  a long  and  severe  one. 
But  if  you  go  to  Canada,  or  to  the  North, 
you  will  find  the  temperature  there  out  oi 
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doors  will  do  the  same  thing  as  has  been 
done  here  by  the  freezing  mixture. 

To  return  to  our  quiet  philosophy.  We  shall 
not  in  future  be  deceived,  therefore,  by  any 
changes  that  are  produced  in  water.  Water 
is  the  same  everywhere,  whether  produced  from 
the  ocean  or  from  the  flame  of  the  candle. 
Where,  then,  is  this  water  which  we  get  from 
a candle  ? I must  anticipate  a little,  and  tell 
you.  It  evidently  comes,  as  to  part  of  it, 
from  the  candle ; but  is  it  within  the  candle 
beforehand?  No.  It  is  not  in  the  candle; 
and  it  is  not  in  the  air  round  about  the 
candle  which  is  necessary  for  its  combustion. 
It  is  neither  in  one  nor  the  other,  but  it  comes 
from  their  conjoint  action,  a part  from  the 
candle,  a part  from  the  air  ; and  this  we  have 
now  to  trace,  so  that  we  may  understand 
thoroughly  what  is  the  chemical  history  of  a 
candle  when  we  have  it  burning  on  our  table. 
How  shall  we  get  at  this  ? I myself  know 
plenty  of  ways,  but  I want  you  to  get  at  it 
from  the  association  in  your  own  minds  of 
what  I have  already  told  you. 

I think  you  can  see  a little  in  this  way.  We 
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had  just  now  the  case  of  a substance  which 
acted  upon  the  water  in  the  way  that  Sir 
Humphrey  Davy  shewed  us  (I3),  and  which  I am 
now  going  to  recall  to  your  minds  by  making 
again  an  experiment  upon  that  dish.  It  is  a 
thing  which  we  have  to  handle  very  carefully, 
for  you  see,  if  I allow  a little  splash  of  water  to 
come  upon  this  mass,  it  sets  fire  to  part  of  it; 
and  if  there  were  free  access  of  air,  it  would 
quickly  set  fire  to  the  whole.  Now,  this  is  a 
metal — a beautiful  and  bright  metal — which 
rapidly  changes  in  the  air,  and,  as  you  know, 
rapidly  changes  in  water.  I will  put  a piece 
on  the  water,  and  you  see  it  burns  beautifully, 
making  a floating  lamp,  using  the  water  in  the 
place  of  air.  Again,  if  we  take  a few  iron 
filings  or  turnings,  and  put  them  in  water,  we 
find  that  they  likewise  undergo  an  alteration. 
They  do  not  change  so  much  as  this  potassium 
does,  but  they  change  somewhat  in  the  same 
way;  they  become  rusty,  and  shew  an  action 
upon  the  water,  though  in  a different  degree 
of  intensity  to  what  this  beautiful  metal  does: 
but  they  act  upon  the  water  in  the  same 
manner  generally  as  this  potassium.  I want 
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you  to  put  these  different  facts  together  in  your 
minds.  I have  another  metal  here  [zinc],  and 
when  we  examined  it  with  regard  to  the  solid 
substance  produced  by  its  combustion,  we  had 
an  opportunity  of  seeing  that  it  burned;  and  I 
suppose,  if  I take  a little  strip  of  this  zinc  and 
put  it  over  the  candle,  you  will  see  something 
half-way,  as  it  were.,  between  the  combustion 
of  potassium  on  the  water  and  the  action  of 
iron, — you  see  there  is  a sort  of  combustion.  It 
has  burned,  leaving  a white  ash  or  residuum, 
and  here  also  we  find  that  the  metal  has  a 
certain  amount  of  action  upon  water. 

By  degrees  we  have  learned  how  to  modify 
the  action  of  these  different  substances,  and  to 
make  them  tell  us  what  we  want  to  know. 
And  now,  first  of  all,  I take  iron.  It  is  a com- 
mon thing  in  all  chemical  reactions,  where  we 
get  any  result  of  this  kind,  to  find  that  it  is 
increased  by  the  action  of  heat;  and  if  we  want 
to  examine  minutely  and  carefully  the  action  of 
bodies  one  upon  another,  we  often  have  to  refer 
to  the  action  of  heat.  You  are  aware,  I believe, 


but  I am  about  to  shew  you  an  experiment  of 
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this  kind,  because  it  will  impress  upon  you 
what  I am  going  to  say  about  iron  in  its  action 
on  water.  If  I take  a flame  and  make  it  hollow; 
• — you  know  why,  because  I want  to  get  air  to 
it  and  into  it,  and  therefore  I make  it  hollow — 
and  then  take  a few  iron-filings  and  drop  them 
into  the  flame,  you  see  how  well  they  burn. 
That  combustion  results  from  the  chemical 
action  which  is  going  on  when  we  ignite  those 
particles.  And  so  we  proceed  to  consider 
these  different  effects,  and  ascertain  what  iron 
will  do  when  it  meets  with  water.  It  will 
tell  us  the  story  so  beautifully,  so  gradually  and 
regularly,  that  I think  it  will  please  you  very 
much. 

I have  here  a furnace  with  a pipe  going* 
through  it  like  an  iron  gun-barrel,  and  I have 
stuffed  that  barrel  full  of  bright  iron-turnings, 
and  placed  it  across  the  fire,  to  be  made  red-hot. 
We  can  either  send  air  through  the  barrel  to 
come  in  contact  with  the  iron,  or  we  can  send 
steam  from  this  little  boiler  at  the  end  of  the 
barrel.  Here  is  a stop-cock  which  shuts  off  the 
steam  from  the  barrel  until  we  wish  to  admit  it. 
There  is  some  water  in  these  glass  jars,  which 
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I have  coloured  blue,  so  that  you  may  see  what 
happens.  Now,  you  know  very  well  that  any 
steam  I might  send  through  that  barrel,  if  it 
went  through  into  the  water,  would  be  con- 


Fig.  14. 


densed;  for  you  have  seen  that  steam  cannot 
retain  its  gaseous  form  if  it  be  cooled  down. 
You  saw  it  here  [pointing  to  the  tin  flask] 
crushing  itself  into  a small  bulk,  and  causing 
the  flask  holding  it  to  collapse;  so  that  if  I 
were  to  send  steam  through  that  barrel,  it 
would  be  condensed  — supposing  the  barrel 
were  cold:  it  is,  therefore,  heated  to  perform 
the  experiment  I am  now  about  to  shew  you. 
I am  going  to  send  the  steam  through  the 
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barrel  in  small  quantities;  and  you  shall  judge 
for  yourselves,  when  you  see  it  issue  from  the 
other  end,  whether  it  still  remains  steam. 
Steam  is  condensible  into  water,  and  when  you 
lower  the  temperature  of  steam,  you  convert  it 
back  into  fluid  water;  but  I have  lowered  the 
temperature  of  the  gas  which  I have  collected 
in  this  jar,  by  passing  it  through  water  after  it 
has  traversed  the  iron  barrel,  and  still  it  does 
not  change  back  into  water.  I will  take 
another  test  and  apply  to  this  gas.  (I  hold 
the  jar  in  an  inverted  position,  or  my  substance 
would  escape.)  If  I now  apply  a light  to  the 
mouth  of  the  jar,  it  ignites  with  a slight  noise. 
That  tells  you  that  it  is  not  steam.  Steam  puts 
out  a fire — -it  does  not  burn;  but  you  saw  that 
what  I had  in  that  jar  burnt.  We  may  obtain 
this  substance  equally  from  water  produced 
from  the  candle-flame  as  from  any  other  source. 
When  it  is  obtained  by  the  action  of  the  iron 
upon  the  aqueous  vapour,  it  leaves  the  iron  in 
a state  very  similar  to  that  in  which  these 
filings  were  after  they  were  burnt.  It  makes 
the  iron  heavier  than  it  was  before.  So  long 
as  the  iron  remains  in  the  tube  and  is  heated, 
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and  is  cooled  again  without  the  access  of  air  or 
water,  it  does  not  change  in  its  weight;  but 
after  having  had  this  current  of  steam  passed 
over  it,  it  then  comes  out  heavier  that  it  was 
before,  having  taken  something  out  of  the 
steam,  and  having  allowed  something  else  to 
pass  forth,  which  we  see  here.  And  now,  as 
we  have  another  jar  full,  I will  shew  you  some- 
thing most  interesting.  It  is  a combustible 
gas;  and  I might  at  once  take  this  jar  and  set 
fire  to  the  contents,  and  shew  you  that  it  is 
combustible;  but  I intend  to  shew  you  more 
if  I can.  It  is  also  a very  light  substance. 
Steam  will  condense  : this  body  will  rise  in  the 
air,  and  not  condense.  Suppose  I take  another 


glass  jar,  empty  of  all  but  air : if  I examine  it 
with  a taper,  I shall  find  that  it  contains  nothing 
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but  air.  I will  now  take  this  jar  full  of  the 
gas  that  I am  speaking  of,  and  deal  with  it  as 
though  it  were  a light  body.  I will  hold  both 
upside-down,  and  turn  the  one  up  under  the 
other;  and  that  which  did  contain  the  gas 
procured  from  the  steam,  what  does  it  contain 
now?  You  will  find  it  now  only  contains  air. 
But  look!  Here  is  the  combustible  substance 
[taking  the  other  jar]  which  I have  poured 
out  of  the  one  jar  into  the  other.  It  still  pre- 
serves its  quality,  and  condition,  and  indepen- 
dence, and  therefore  is  the  more  worthy  of  our 
consideration,  as  belonging  to  the  products  of 
a candle. 

Now,  this  substance  which  we  have  just  pre- 
pared by  the  action  of  iron  on  the  steam  or 
water,  we  can  also  get  by  means  of  those  other 
things  which  you  have  already  seen  act  so  well 
upon  the  water.  If  I take  a piece  of  potassium, 
and  make  the  necessary  arrangements,  it  will 
produce  this  gas;  and  if,  instead,  a piece  of  zinc, 
I find,  when  I come  to  examine  it  very  care- 
fully, that  the  main  reason  why  this  zinc  can- 
not act  upon  the  water  continuously  as  the 
other  metal  does,  is  because  the  result  of  the 
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action  of  the  water  envelopes  the  zinc  in  a kind 
of  protecting  coat.  We  have  learned  in  con- 
sequence, that  if  we  put  into  our  vessel  only 
the  zinc  and  water,  they  by  themselves  do  not 
give  rise  to  much  action,  and  we  get  no  result. 
But  suppose  I proceed  to  dissolve  off  this 
varnish — this  encumbering  substance — which  I 
can  do  by  a little  acid;  the  moment  I do  this, 
I find  the  zinc  acting  upon  the  water  exactly  as 
the  iron  did,  but  at  the  common  temperature. 
The  acid  in  no  way  is  altered,  except  in  its 
combination  with  the  oxide  of  zinc,  which  is 
produced.  I have  now  poured  the  acid  into 
the  glass,  and  the  effect  is  as  though  I were 
applying  heat  to  cause  this  boiling  up.  There 
is  something  coming  off  from  the  zinc  very 
abundantly,  which  is  not  steam.  There  is  a 
jar  full  of  it;  and  you  will  find  that  I have 
exactly  the  same  combustible  substance  remain- 
ing in  the  vessel,  when  I hold  it  upside-down, 
that  I produced  during  the  experiment  with 
the  iron  barrel.  This  is  what  we  get  from 
water — the  same  substance  which  is  contained 
in  the  candle. 

Let  us  now  trace  distinctly  the  connection 
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between  these  two  points.  This  is  hydrogen — 
a body  classed  among  those  things  which  in 
Chemistry  we  call  elements,  because  we  can  get 


nothing  else  out  of  them.  A candle  is  not  an 
elementary  body,  because  we  can  get  carbon 
out  of  it;  we  can  get  this  hydrogen  out  of  it, 
or  at  least  out  of  the  water  which  it  supplies. 
And  this  gas  has  been  so  named  hydrogen, 
because  it  is  that  element  which,  in  association 
with  another,  generates  water.*  Mr.  Anderson 
having  now  been  able  to  get  two  or  three  jars 
of  gas,  we  shall  have  a few  experiments  to 
make,  and  I want  to  shew  you  the  best  way  of 
making  these  experiments.  I am  not  afraid  to 
shew  you,  for  I wish  you  to  make  experiments, 
* “ water,”  and  y'.wccu,  “ I generate.’* 
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if  you  will  only  make  them  with  care  and  atten- 
tion, and  the  assent  of  those  around  you.  As 
we  advance  in  Chemistry,  we  are  obliged  to 
deal  with  substances  which  are  rather  injurious, 
if  in  their  wrong  places — the  acids,  and  heat, 
and  combustible  things  we  use,  might  do  harm 
if  carelessly  employed.  If  you  want  to  make 
hydrogen,  you  can  make  it  easily  from  bits  of 
zinc,  and  sulphuric  or  muriatic  acid.  Here  is 
what  in  former  times  was  called  the  “ philo- 
sopher’s candle.”  It  is  a little  phial  with  a cork, 
and  a tube  or  pipe  passing  through  it.  And  I 


Fig.  17. 

am  now  putting  a few  little  pieces  of  zinc  into 
it.  This  little  instrument  I am  going  to  apply 
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to  a useful  purpose  in  our  demonstrations — for 
I want  to  shew  you  that  you  can  prepare 
hydrogen,  and  make  some  experiments  with  it 
as  you  please  at  your  own  homes.  Let  me  here 
tell  you  why  I am  so  careful  to  fill  this  phial 
nearly,  and  yet  not  quite  full.  I do  it  because 
the  evolved  gas,  which,  as  you  have  seen,  is 
very  combustible,  is  explosive  to  a considerable 
extent  when  mixed  with  air,  and  might  lead  to 
harm,  if  you  were  to  apply  a light  to  the  end  of 
that  pipe  before  all  the  *air  had  been  swept  out 
of  the  space  above  the  water.  I am  now  about 
to  pour  in  the  sulphuric  acid.  I have  used  very 
little  zinc,  and  more  sulphuric  acid  and  water, 
because  I want  to  keep  it  at  work  for  some  time. 
I therefore  take  care  in  this  way  to  modify  the 
proportions  of  the  ingredients,  so  that  I may 
have  a regular  supply — not  too  quick,  and  not 
too  slow.  Supposing  I now  take  a glass  and 
put  it  upside-down  over  the  end  of  the  tube, 
because  the  hydrogen  is  light  I expect  that  it 
will  remain  in  that  vessel  a little  while.  We 
will  now  test  the  contents  of  our  glass  to  see  if 
there  be  hydrogen  in  it.  I think  I am  safe  in 
saying  we  have  caught  some  [applying  a light]. 
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There  it  is,  you  see.  I will  now  apply  a light 
to  the  top  of  the  tube.  There  is  the  hydrogen 
burning.  There  is  our  philosophical  candle.  It 
is  a foolish  feeble  sort  of  a flame,  you  may  say; 
but  it  is  so  hot  that  scarcely  any  common  flame 
gives  out  so  much  heat.  It  goes  on  burning 
regularly,  and  I am  now  about  to  put  that  flame 
to  burn  under  a certain  arrangement,  in  order 
that  we  may  examine  its  results  and  make  use  of 
the  information  which  we  may  thereby  acquire. 
Inasmuch  as  the  candle  produces  water,  and 
this  gas  comes  out  of  the  water,  let  us  see  what 
this  gives  us  by  the  same  process  of  combustion 
that  the  candle  went  through  when  it  burnt  in 
the  atmosphere;  and  for  that  purpose  I am 
going  to  put  the  lamp  under  this  apparatus,  in 
order  to  condense  whatever  may  arise  from  the 
combustion  within  it.  In  the  course  of  a short 
time  you  will  see  moisture  appearing  in  the 
cylinder,  and  you  will  get  the  water  running 
down  the  side;  and  the  water  from  this  hydrogen 
flame  will  have  absolutely  the  same  effect  upon 
all  our  tests,  being  obtained  by  the  same  general 
process  as  in  the  former  case.  This  hydrogen 
is  a very  beautiful  substance.  It  is  so  light  that 
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it  carries  things  up:  it  is  far  lighter  than  the 
atmosphere;  and  I dare  say  I can  shew  you  this 
by  an  experiment  which,  if  you  are  very  clever, 
some  of  you  may  even  have  skill  enough  to 
repeat.  Here  is  our  generator  of  hydrogen, 
and  here  are  some  soap-suds.  I have  an 
india-rubber  tube  connected  with  the  hydrogen 


generator,  and  at  the  end  of  the  tube  is  a 
tobacco-pipe.  I can  thus  put  the  pipe  into 
the  suds,  and  blow  bubbles  by  means  of  the 
hydrogen.  You  observe  how  the  bubbles  fall 
downwards  when  I blow  them  with  my  warm 
breath;  but  notice  the  difference  when  I blow 
them  with  hydrogen.  [The  Lecturer  here  blew 
bubbles  with  hydrogen,  which  rose  to  the  roof 
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of  the  theatre.]  It  shews  you  how  light  this 
gas  must  be  in  order  to  carry  with  it  not  merely 
the  ordinary  soap-bubble,  but  the  larger  portion 
of  a drop  hanging  to  the  bottom  of  it.  I can 
shew  its  lightness  in  a better  way  than  this; 
larger  bubbles  than  these  may  be  so  lifted  up; 
indeed,  in  former  times  balloons  used  to  be 
filled  with  this  gas.  Mr.  Anderson  will  fasten 
this  tube  on  to  our  generator,  and  we  shall  have 
a stream  of  hydrogen  here  with  which  we  can 
charge  this  balloon  made  of  collodion.  I need 
not  even  be  very  careful  to  get  all  the  air  out, 
for  I know  the  power  of  this  gas  to  carry  it  up. 
[Two  collodion  balloons  were  inflated,  and  sent 
up,  one  being  held  by  a string.]  Here  is 
another  larger  one  made  of  thin  membrane, 
which  we  will  fill  and  allow  to  ascend.  You 
will  see  they  will  all  remain  floating  about 
until  the  gas  escapes. 

What,  then,  are  the  comparative  weights  of 
these  substances?  I have  a table  here  which 
will  shew  you  the  proportion  which  their 
weights  bear  to  each  other.  I have  taken  a 
pint  and  a cubic  foot  as  the  measures,  and  have 
placed  opposite  to  them  the  respective  figures. 
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A pint  measure  of  this  hydrogen  weighs  three- 
quarters  of  our  smallest  weight  (a  grain),  and  a 
cubic  foot  weighs  one-twelfth  of  an  ounce; 
whereas  a pint  of  water  weighs  8,750  grains, 
and  a cubic  foot  of  water  weighs  almost  1,000 
ounces.  You  see,  therefore,  what  a vast  dif- 
ference there  is  between  the  weight  of  a cubic 
foot  of  water  and  a cubic  foot  of  hydrogen. 

Hydrogen  gives  rise  to  no  substance  that 
can  become  solid,  either  during  combustion  or 
afterwards  as  a product  of  its  combustion.  But 
when  it  burns,  it  produces  water  only;  and  if 
we  take  a cold  glass  and  put  it  over  the  flame, 
it  becomes  damp,  and  you  have  water  pro- 
duced immediately  in  appreciable  quantity;  and 
nothing  is  produced  by  its  combustion  but  the 
same  water  which  you  have  seen  the  flame  of 
the  candle  produce.  It  is  important  to  remem- 
ber that  this  hydrogen  is  the  only  thing  in  nature 
which  furnishes  water  as  the  sole  product  of 
combustion. 

And  now  we  must  endeavour  to  find  some 
additional  proof  of  the  general  character  and 
composition  of  water;  and  for  this  purpose  I 
will  keep  you  a little  longer,  so  that  at  our  next 
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meeting  we  may  be  better  prepared  for  the 
subject.  We  have  the  power  of  arranging  the 
zinc  which  you  have  seen  acting  upon  the  water 
by  the  assistance  of  an  acid,  in  such  a manner 
as  to  cause  all  the  power  to  be  evolved  in  the 
place  where  we  require  it.  I have  behind  me 
a voltaic  pile,  and  I am  just  about  to  shew  you, 
at  the  end  of  this  lecture,  its  character  and 
power,  that  you  may  see  what  we  shall  have  to 
deal  with  when  next  we  meet.  I hold  here  the 
extremities  of  the  wires  which  transport  the 
power  from  behind  me,  and  which  I shall  cause 
to  act  on  the  water. 

We  have  previously  seen  what  a power  of 
combustion  is  possessed  by  the  potassium,  or 
the  zinc,  or  the  iron-filings;  but  none  of  them 
shew  such  energy  as  this.  [The  Lecturer  here 
made  contact  between  the  two  terminal  wires  of 
the  battery,  when  a brilliant  flash  of  light  was 
produced.]  This  light  is,  in  fact,  produced  by 
a forty-zinc  power  of  burning  : it  is  a power 
that  I can  carry  about  in  my  hands,  through 
these  wires,  at  pleasure — although,  if  I applied  it 
wrongly  to  myself,  it  would  destroy  me  in  an 
instant,  for  it  is  a most  intense  thing,  and  the 
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power  you  see  here  put  forth  while  you  count 
five  [bringing  the  poles  in  contact,  and  exhibiting 
the  electric  light]  is  equivalent  to  the  power  of 
several  thunder-storms,  so  great  is  its  force  (I4). 
And  that  you  may  see  what  intense  energy 
it  has,  I will  take  the  ends  of  the  wires  which 
convey  the  power  from  the  battery,  and  with  it 
I dare  say  I can  burn  this  iron  file.  Now,  this 
is  a chemical  power,  and  one  which,  when  we 
next  meet,  I shall  apply  to  water,  and  shew  you 
what  results  we  are  able  to  produce. 


LECTURE  IV. 


HYDROGEN  IN  THE  CANDLE  — BURNS  INTO 
"WATER — THE  OTHER  PART  OF  WATER — 
OXYGEN. 

T SEE  you  are  not  tired  of  the  candle  yet, 

or  I am  sure  you  would  not  be  interested 

in  the  subject  in  the  way  you  are.  When 

our  candle  was  burning,  we  found  it  produced 

water  exactly  like  the  water  we  have  around 

us;  and  by  further  examination  of  this  water 

we  found  in  it  that  curious  body,  hydrogen — 

that  light  substance  of  which  there  is  some  in 

this  jar.  We  afterwards  saw  the  burning  powers 

of  that  hydrogen,  and  that  it  produced  water. 

And  I think  I introduced  to  your  notice  an 

apparatus  which  I very  briefly  said  was  an 

arrangement  of  chemical  force,  or  power,  or 

energy,  so  adjusted  as  to  convey  its  power  to 

us  in  these  wires;  and  I said  I should  use  that 

force  to  pull  the  water  to  pieces,  to  see  what 

G 
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else  there  was  in  the  water  besides  hydrogen; 
because,  you  remember,  when  we  passed  the 
water  through  the  iron  tube,  we  by  no  means 
got  the  weight  of  water  back  which  we  put  in, 
in  the  form  of  steam,  though  we  had  a very 
large  quantity  of  gas  evolved.  We  have  now 
to  see  what  is  the  other  substance  present. 
That  you  may  understand  the  character  and 
use  of  this  instrument,  let  us  make  an  experi- 
ment or  two.  Let  us  put  together,  first  of  all, 
some  substances,  knowing  what  they  are,  and 
then  see  what  that  instrument  does  to  them. 
There  is  some  copper  (observe  the  various 
changes  which  it  can  undergo),  and  here  is 
some  nitric  acid,  and  you  will  find  that  this, 
being  a strong  chemical  agent,  will  act  very 
powerfully  when  I add  it  to  the  copper.  It  is 
now  sending  forth  a beautiful  red  vapour;  but 
as  we  do  not  want  that  vapour,  Mr.  Anderson 
will  hold  it  near  the  chimney  for  a short  time, 
that  we  may  have  the  use  and  beauty  of  the 
experiment  without  the  annoyance.  The  copper 
which  I have  put  into  the  flask  will  dissolve: 
it  will  chancre  the  acid  and  the  water  into  a 

o 

blue  fluid,  containing  copper  and  other  things; 


VOLTAIC  DECOMPOSITION  OF  A SALT.  IOI 


and  I propose  then  shewing  you  how  this 
voltaic  battery  deals  with  it;  and  in  the  mean- 
time we  will  arrange  another  kind  of  experi- 
ment for  you  to  see  what  power  it  has.  This 
is  a substance  which  is  to  us  like  water — that 
is  to  say,  it  contains  bodies  which  we  do  not 
know  of  as  yet,  as  water  contains  a body 
which  we  do  not  know  as  yet.  Now,  this 
solution  of  a salt  (15)  I will  put  upon  paper, 
and  spread  about,  and  apply  the  power  of  the 
battery  to  it,  and  observe  what  will  happen. 
Three  or  four  important  things  will  happen 
which  we  shall  take  advantage  of.  I place  this 
wetted  paper  upon  a sheet  of  tinfoil,  which  is 
convenient  for  keeping  all  clean,  and  also  for 
the  advantageous  application  of  the  power;  and 
this  solution,  you  see,  is  not  at  all  affected  by 
being  put  upon  the  paper  or  tinfoil,  nor  by 
anything  else  I have  brought  in  contact  with  it 
yet,  and  which,  therefore,  is  free  to  us  to  use 
as  regards  that  instrument.  But  first  let  us 
see  that  our  instrument  is  in  order.  Here  are 
our  wires.  Let  us  see  whether  it  is  in  the  state 
in  which  it  was  last  time.  We  can  soon  tell. 
As  yet,  when  I bring  them  together,  we  have 
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no  power,  because  the  conveyers — what  we  call 
the  electrodes — the  passages  or  ways  for  the 
electricity — are  stopped;  but  now  Mr.  Anderson 
by  that  [referring  to  a sudden  flash  at  the  ends 
of  the  wires]  has  given  me  a telegram  to  say 
that  it  is  ready.  Before  I begin  our  experi- 
ment I will  get  Mr.  Anderson  to  break  contact 
again  at  the  battery  behind  me,  and  we  will 
put  a platinum-wire  across  to  connect  the  poles, 
and  then  if  I find  I can  ignite  a pretty  good 
length  of  this  wire,  we  shall  be  safe  in  our 
experiment.  Now  you  will  see  the  power. 
[The  connection  was  established,  and  the  inter- 
mediate wire  became  red-hot.]  There  is  the 
power  running  beautifully  through  the  wire, 
which  I have  made  thin  on  purpose  to  shew 
you  that  we  have  those  powerful  forces;  and 
now,  having  that  power,  we  will  proceed  with 
it  to  the  examination  of  water. 

I have  here  two  pieces  of  platinum,  and  if 
I lay  them  down  upon  this  piece  of  paper 
[the  moistened  paper  on  the  tinfoil],  you  will 
see  no  action  ; and  if  I take  them  up,  there 
is  no  change  that  you  can  see,  but  the  arrange- 
ment remains  just  as  it  was  before.  But,  now, 
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see  what  happens:  if  I take  these  two  poles 
and  put  either  one  or  the  other  of  them  down 
separately  on  the  platinum  - plates,  they  do 
nothing  for  me,  both  are  perfectly  without 
action ; but  if  I let  them  both  be  in  contact 
at  the  same  moment,  see  what  happens  [a 
brown  spot  appeared  under  each  pole  of  the 
battery].  Look  here  at  the  effect  that  takes 
place,  and  see  how  I have  pulled  something 
apart  from  the  white — something  brown;  and 
I have  no  doubt,  if  I were  to  arrange  it  thus, 
and  were  to  put  one  of  the  poles  to  the  tinfoil 
on  the  other  side  of  the  paper — why,  I get 
such  a beautiful  action  upon  the  paper,  that 
I am  going  to  see  whether  I cannot  write 
with  it  — a telegram,  if  you  please.  [The 
Lecturer  here  traced  the  word  “juvenile”  on 
the  paper  with  one  of  the  terminal  wires.] 
See  there  how  beautifully  we  can  get  our 
results ! 

You  see  we  have  here  drawn  something, 
which  we  have  not  known  about  before,  out 
of  this  solution.  Let  us  now  take  that  flask 
from  Mr.  Anderson’s  hands,  and  see  what  we 
can  draw  out  of  that.  This,  you  know,  is  a 
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liquid  which  we  have  just  made  up  from  copper 
and  nitric  acid,  whilst  our  other  experiments 
were  in  hand;  and  though  I am  making  this 
experiment  very  hastily,  and  may  bungle  a 
little,  yet  I prefer  to  let  you  see  what  I do 
rather  than  prepare  it  beforehand. 

Now,  see  what  happens.  These  two  platinum- 
plates  are  the  two  ends  (or  I will  make  them 
so  immediately)  of  this  apparatus;  and  I am 
about  to  put  them  in  contact  with  that  solution 
just  as  we  did  a moment  ago  on  the  paper.  It 
does  not  matter  to  us  whether  the  solution  be 
on  the  paper  or  whether  it  be  in  the  jar, 
so  long  as  we  bring  the  ends  of  the  apparatus 
to  it.  If  I put  the  two  platinums  in  by  them- 
selves, they  come  out  as  clean  and  as  white  as 
they  go  in  [inserting  them  into  the  fluid  without 
connecting  them  with  the  battery];  but  when 
we  take  the  power  and  lay  that  on  [the 
platinums  were  connected  with  the  battery  and 
again  dipped  into  the  solution],  this,  you  see 
[exhibiting  one  of  the  platinums],  is  at  once 
turned  into  copper,  as  it  were:  it  has  become 
like  a plate  of  copper;  and  that  [exhibiting  the 
other  piece  of  platinum]  has  come  out  quite 
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clean.  If  I take  this  coppered  piece  and  change 
sides,  the  copper  will  leave  the  right-hand 
side  and  come  over  to  the  left  side ; what 
was  before  the  coppered  plate  comes  out  clean, 
and  the  plate  which  was  clean  comes  out 
coated  with  copper;  and  thus  you  see  that 
the  same  copper  we  put  into  this  solution  we 
can  also  take  out  of  it  by  means  of  this  instru- 
ment. 

Putting  that  solution  aside,  let  us  now  see 
what  effect  this  instrument  will  have  upon 
water.  Here  are  two  little  platinum  - plates 
which  I intend  to  make  the  ends  of  the 
battery,  and  this  (c)  is  a little  vessel  so  shaped 
as  to  enable  me  to  take  it  to  pieces,  and  shew 
you  its  construction.  In  these  two  cups  (a  and 
B)  I pour  mercury,  which  touches  the  ends  of 
the  wires  connected  with  the  platinum -plates. 
In  the  vessel  (c)  I pour  some  water  containing 
a little  acid  (but  which  is  put  only  for  the 
purpose  of  facilitating  the  action;  it  undergoes 
no  change  in  the  process),  and  connected  with 
the  top  of  the  vessel  is  a bent  glass  tube  (d), 
which  may  remind  you  of  the  pipe  which  was 
connected  with  the  gun  barrel  in  our  furnace 
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experiment,  and  which  now  passes  under  the 
jar  (f).  I have  now  adjusted  this  apparatus, 
and  we  will  proceed  to  affect  the  water  in 
some  way  or  other.  In  the  other  case,  I sent 
the  water  through  a tube  which  was  made 
red-hot;  I am  now  going  to  pass  the  electricity 
through  the  contents  of  this  vessel.  Perhaps 
I may  boil  the  water;  if  I do  boil  the  water, 
I shall  get  steam;  and  you  know  that  steam 
condenses  when  it  gets  cold,  and  you  will  there- 
fore see  by  that  whether  I do  boil  the  water 
or  not.  Perhaps,  however,  I shall  not  boil  the 
water,  but  produce  some  other  effect.  You 
shall  have  the  experiment  and  see.  There  is 
one  wire  which  I will  put  to  this  side  ( A ),  and 
here  is  the  other  wire  which  I will  put  to  the 
other  side  (b),  and  you  will  soon  see  whether 
any  disturbance  takes  place.  Here  it  is  seem- 
ing to  boil  up  famously ; but  does  it  boil  ? 
Let  us  see  whether  that  which  goes  out  is 
steam  or  not.  I think  you  will  soon  see  the 
jar  (f)  will  be  filled  with  vapour,  if  that  which 
rises  from  the  water  is  steam.  But  can  it  be 
steam?  Why,  certainly  not;  because  there  it 
remains,  you  see,  unchanged.  There  it  is 
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standing  over  the  water,  and  it  cannot  there- 
fore be  steam,  but  must  be  a permanent  gas 
of  some  sort.  What  is  it?  Is  it  hydrogen? 
Is  it  anything  else?  Well,  we  will  examine 
it.  If  it  is  hydrogen,  it  will  burn.  [The 
Lecturer  then  ignited  a portion  of  the  gas 
collected,  which  burnt  with  an  explosion.]  It 


is  certainly  something  combustible,  but  not 
combustible  in  the  way  that  hydrogen  is. 
Hydrogen  would  not  have  given  you  that 
noise;  but  the  colour  of  that  light,  when  the 
thing  did  burn,  was  like  that  of  hydrogen:  it 
will,  however,  burn  without  contact  with  the 
air.  That  is  why  I have  chosen  this  other 
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form  of  apparatus,  for  the  purpose  of  pointing 
out  to  you  what  are  the  particular  circumstances 
of  this  experiment.  In  place  of  an  open  vessel 
I have  taken  one  that  is  closed  (our  battery 
is  so  beautifully  active  that  we  are  even  boiling 
the  mercury,  and  getting  all  things  right — not 
wrong,  but  vigorously  right);  and  I am  going 
to  shew  you  that  that  gas,  whatever  it  may 
be,  can  burn  without  air,  and  in  that  respect 
differs  from  a candle,  which  cannot  burn  with- 
out the  air.  And  our  manner  of  doing  this  is 
as  follows : — I have  here  a glass  vessel  (g) 
which  is  fitted  with  two  platinum -wires  (i  k), 
through  which  I can  apply  electricity ; and 
we  can  put  the  vessel  on  the  air-pump  and 
exhaust  the  air,  and  when  we  have  taken  the 
air  out  we  can  bring  it  here  and  fasten  it  on 
to  this  jar  (f),  and  let  into  the  vessel  that  gas 
which  was  formed  by  the  action  of  the  voltaic 
battery  upon  the  water,  and  which  we  have 
produced  by  changing  the  water  into  it, — for  I 
may  go  as  far  as  this,  and  say  we  have  really, 
by  that  experiment,  changed  the  water  into  that 
gas.  We  have  not  only  altered  its  condition, 
but  we  have  changed  it  really  and  truly  into 
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that  gaseous  substance,  and  all  the  water  is 
there  which  was  decomposed  by  the  experiment. 
As  I screw  this  vessel  (G  H)  on  here  (h),  and 
make  the  tubes  well  connected,  and  when  I 
open  the  stop-cocks  (H  H h),  if  you  watch  the 
level  of  the  water  (in  f),  you  will  see  that  the 
gas  will  rise.  I will  now  close  the  stop-cocks, 
as  I have  drawn  up  as  much  as  the  vessel  can 
hold,  and  being  safely  conveyed  into  that 
chamber,  I will  pass  into  it  an  electric  spark 
from  this  Leyden  jar  (l),  when  the  vessel,  which 
is  now  quite  clear  and  bright,  will  become  dim. 
There  will  be  no  sound,  for  the  vessel  is  strong 
enough  to  confine  the  explosion.  [A  spark 
was  then  passed  through  the  jar,  when  the 
explosive  mixture  was  ignited.]  Did  you  see 
that  brilliant  light?  If  I again  screw  the  vessel 
on  to  the  jar,  and  open  these  stop-cocks,  you 
will  see  that  the  gas  will  rise  a second  time. 
[The  stop-cocks  were  then  opened.]  Those 
gases  [referring  to  the  gases  first  collected  in 
the  jar,  and  which  had  just  been  ignited  by 
the  electric  spark]  have  disappeared,  as  you  see: 
their  place  is  vacant,  and  fresh  gas  has  gone 
in.  Water  has  been  formed  from  them;  and 
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if  we  repeat  our  operation  [repeating  the  last 
experiment],  I shall  have  another  vacancy,  as 
you  will  see  by  the  water  rising.  I always  have 
an  empty  vessel  after  the  explosion,  because  the 
vapour  or  gas  into  which  that  water  has  been 
resolved  by  the  battery  explodes  under  the 
influence  of  the  spark,  and  changes  into  water; 
and  by-and-by  you  will  see  in  this  upper  vessel 
some  drops  of  water  trickling  down  the  sides 
and  collecting  at  the  bottom. 

We  are  here  dealing  with  water  entirely, 
without  reference  to  the  atmosphere.  The 
water  of  the  candle  had  the  atmosphere  help- 
ing to  produce  it ; but  in  this  way  it  can  be 
produced  independently  of  the  air.  Water, 
therefore,  ought  to  contain  that  other  substance 
which  the  candle  takes  from  the  air,  and 
which,  combining  with  the  hydrogen,  pro- 
duces water. 

Just  now  you  saw  that  one  end  of  this 
battery  took  hold  of  the  copper,  extracting  it 
from  the  vessel  which  contained  the  blue  solu- 
tion. It  was  effected  by  this  wire ; and  surely 
we  may  say,  if  the  battery  has  such  power 
with  a metallic  solution  which  we  made  and 
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unmade,  may  we  not  find  that  it  is  possible 
to  split  asunder  the  component  parts  of  the 
water,  and  put  them  into  this  place  and  that 
place  ? Suppose  I take  the  poles — the  metallic 
ends  of  this  battery — and  see  what  will  happen 


with  the  water  in  this  apparatus  (fig.  20), 
where  we  have  separated  the  two  ends  far 
apart.  I place  one  here  (at  a),  and  the  other 
there  (at  b),  and  I have  little  shelves  with 
holes  which  I can  put  upon  each  pole,  and 
so  arrange  them  that  whatever  escapes  from 
the  two  ends  of  the  battery  will  appear  as 
separate  gases ; for  you  saw  that  the  water 
did  not  become  vaporous,  but  gaseous.  The 
wires  are  now  in  perfect  and  proper  connection 
with  the  vessel  containing  the  water ; and  you 
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see  the  bubbles  rising : let  us  collect  these 
bubbles  and  see  what  they  are.  Here  is  a 
glass  cylinder  (o) ; I fill  it  with  water  and 
put  it  over  one  end  (a)  of  the  pile ; and  I 
will  take  another  (h)  and  put  it  over  the 
other  end  (b)  of  the  pile.  And  so  now  we 
have  a double  apparatus,  with  both  places 
delivering  gas.  Both  these  jars  will  fill  with 
gas.  There  they  go,  that  to  the  right  (h) 
filling  very  rapidly ; the  one  to  the  left  (o) 

filling  not  so  rapidly ; and  though  I have 

allowed  some  bubbles  to  escape,  yet  still  the 
action  is  going  on  pretty  regularly ; and  were 
it  not  that  one  is  rather  smaller  than  the 
other,  you  would  see  that  I should  have 

twice  as  much  in  this  (h)  as  I have  in  that 
(o).  Both  these  gases  are  colourless ; they 

stand  over  the  water  without  condensing;  they 
are  alike  in  all  things — I mean  in  all  apparent 
things ; and  we  have  here  an  opportunity  of 
examining  these  bodies  and  ascertaining  what 
they  are.  Their  bulk  is  large,  and  we  can 
easily  apply  experiments  to  them.  I will  take 
this  jar  (n)  first,  and  will  ask  you  to  be  pre- 
pared to  recognise  hydrogen. 
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Think  of  all  its  qualities  — the  light  gas 
which  stood  well  in  inverted  vessels,  burning 
with  a pale  flame  at  the  mouth  of  the  jar — and 
see  whether  this  gas  does  not  satisfy  all  these 
conditions.  If  it  be  hydrogen,  it  will  remain 
here  while  I hold  this  jar  inverted.  [A  light 
was  then  applied,  when  the  hydrogen  burnt.] 
What  is  there  now  in  the  other  jar?  You 
know  that  the  two  together  made  an  explosive 
mixture.  But  what  can  this  be  which  we 
find  as  the  other  constituent  in  water,  and 
which  must  therefore  be  that  substance  which 
made  the  hydrogen  burn  ? We  know  that  the 
water  we  put  into  the  vessel  consisted  of  the 
two  things  together.  We  find  one  of  these  is 
hydrogen : what  must  that  other  be  which 
was  in  the  water  before  the  experiment,  and 
which  we  now  have  by  itself?  I am  about 
to  put  this  lighted  splinter  of  wood  into  the 
gas.  The  gas  itself  will  not  burn,  but  it 
will  make  the  splinter  of  wood  burn.  [The 
Lecturer  ignited  the  end  of  the  Avood,  and 
introduced  it  into  the  jar  of  gas.]  See  how 
it  invigorates  the  combustion  of  the  wood, 
and  how  it  makes  it  burn  far  better  than  the 
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air  would  make  it  burn ; and  now  you  see 
by  itself  that  every  other  substance  which  is 
contained  in  the  water,  and  which,  when  the 
water  was  formed  by  the  burning  of  the  candle, 
must  have  been  taken  from  the  atmosphere. 
What  shall  we  call  it,  A,  B,  or  C ? Let  us  call 
it  O — call  it  “Oxygen:”  it  is  a very  good 
distinct  - sounding  name.  This,  then,  is  the 
oxygen  which  was  present  in  the  water,  form- 
ing so  large  a part  of  it. 

We  shall  now  begin  to  understand  more 
clearly  our  experiments  and  researches;  because, 
when  we  have  examined  these  things  once  or 
twice,  we  shall  soon  see  why  a candle  burns  in 
the  air.  When  we  have  in  this  way  analysed 
the  water — that  is  to  say,  separated,  or  elec- 
trolysed its  parts  out  of  it — we  get  two  volumes 
of  hydrogen,  and  one  of  the  body  that  burns  it. 
And  these  two  are  represented  to  us  on  the 
following  diagram,  with  their  weights  also 
stated  ; and  we  shall  find  that  the  oxygen  is 
a very  heavy  body  by  comparison  with  the 
hydrogen.  It  is  the  other  element  in  water. 

I had  better,  perhaps,  tell  you  now  how  we 
get  this  oxygen  abundantly,  having  shewn 
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you  how  we  can  separate  it  from  the  water. 
Oxygen,  as  you  will  immediately  imagine, 
exists  in  the  atmosphere ; for  how  should  the 
candle  burn  to  produce  water  without  it  ? 
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Hydrogen. 
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Oxygen. 

Oxygen,  . 

• 88. 9 

Hydrogen. 
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Water,  . 
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Such  a thing  would  be  absolutely  impossible, 
and  chemically  impossible,  without  oxygen, 


Can  we  get  it  from  the  air?  Well,  there  are 

some  very  complicated  and  difficult  processes 

H 
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by  which  we  can  get  it  from  the  air ; but 
we  have  better  processes.  There  is  a sub- 
stance called  the  black  oxide  of  manganese: 
it  is  a very  black-looking  mineral,  but  very 
useful,  and  when  made  red-hot  it  gives  out 
oxygen.  Here  is  an  iron  bottle  which  has 
had  some  of  this  substance  put  into  it,  and 
there  is  a tube  fixed  to  it,  and  a fire  ready 
made,  and  Mr.  Anderson  will  put  that  retort 
into  the  fire,  for  it  is  made  of  iron,  and  can 
stand  the  heat.  Here  is  a salt  called  chlorate 
of  potassa,  which  is  now  made  in  large  quanti- 
ties for  bleaching,  and  chemical  and  medical 
uses,  and  for  pyrotechnic  and  other  purposes. 
I will  take  some  and  mix  it  with  some  of 
the  oxide  of  manganese  (oxide  of  copper,  or 
oxide  of  iron  would  do  as  well) ; and  if  I put 
these  together  in  a retort,  far  less  than  a red 
heat  is  sufficient  to  evolve  this  oxygen  from 
the  mixture.  I am  not  preparing  to  make 
much,  because  we  only  want  sufficient  for  our 
experiments;  only,  as  you  will  see  immediately, 
if  I use  too  small  a charge,  the  first  portion  of 
the  gas  will  be  mixed  with  the  air  already  in 
the  retort,  and  I should  be  obliged  to  sacrifice 
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the  first  portion  of  the  gas,  because  it  would 
be  so  much  diluted  with  air;  the  first  portion 
must  therefore  be  thrown  away.  You  will 
find  in  this  case,  that  a common  spirit-lamp 
is  quite  sufficient  for  me  to  get  the  oxygen, 
and  so  we  shall  have  two  processes  going  on 
for  its  preparation.  See  how  freely  the  gas 
is  coming  over  from  that  small  portion  of  the 
mixture.  We  will  examine  it,  and  see  what 
are  its  properties.  Now,  in  this  way  we  are 
producing,  as  you  will  observe,  a gas  just  like 
the  one  we  had  in  the  experiment  with  the 
battery,  transparent,  undissolved  by  water,  and 
presenting  the  ordinary  visible  properties  of 
the  atmosphere.  (As  this  first  jar  contains  the 
air,  together  with  the  first  portions  of  the 
oxygen  set  free  during  the  preparation,  we 
will  carry  it  out  of  the  way,  and  be  prepared 
to  make  our  experiments  in  a regular,  dignified 
manner.)  And,  inasmuch  as  that  power  of 
making  wood,  wax,  or  other  things  burn, 
was  so  marked  in  the  oxygen  we  obtained 
by  means  of  the  voltaic  battery  from  water, 
we  may  expect  to  find  the  same  property  here. 
We  will  try  it.  You  see  there  is  the  com- 
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bustion  of  a lighted  taper  in  air,  and  here  is 
its  combustion  in  this  gas  [lowering  the  taper 
into  the  jar].  See  how  brightly  and  how 
beautifully  it  burns!  You  can  also  see  more 
than  this,  — you  will  perceive  it  is  a heavy 
gas,  whilst  the  hydrogen  would  go  up  like  a 
balloon,  or  even  faster  than  a balloon,  when 
not  encumbered  with  the  weight  of  the  envelope. 

Q 


Fig.  22. 

You  may  easily  see  that  although  we  obtained 
from  water  twice  as  much  in  volume  of  the 
hydrogen  as  of  oxygen,  it  does  not  follow 
that  we  have  twice  as  much  in  weight — because 
one  is  heavy,  and  the  other  a very  light  gas. 
We  have  means  of  weighing  gases  or  air ; 
but  without  stopping  to  explain  that,  let  me 
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just  tell  you  what  their  respective  weights  are. 
The  weight  of  a pint  of  hydrogen  is  three- 
quarters  of  a grain  ; the  weight  of  the  same 
quantity  of  oxygen  is  nearly  twelve  grains. 
This  is  a very  great  difference.  The  weight 
of  a cubit  foot  of  hydrogen  is  one-twelfth  of 
an  ounce ; and  the  weight  of  a cubit  foot  of 
oxygen  is  one  ounce  and  a third.  And  so  on 
we  might  come  to  masses  of  matter  which 
may  be  weighed  in  the  balance,  and  which 
we  can  take  account  of  as  to  hundred- 
weights and  as  to  tons,  as  you  will  see  almost 
immediately. 

Now,  as  regards  this  very  property  of  oxygen 
supporting  combustion,  which  we  may  compare 
to  air,  I will  take  a piece  of  candle  to  shew  it 
you  in  a rough  way,  and  the  result  will  be 
rough.  There  is  our  candle  burning  in  the 
air:  how  will  it  burn  in  oxygen?  I have  here 
a jar  of  this  gas,  and  I am  about  to  put  it  over 
the  candle  for  you  to  compare  the  action  of 
this  gas  with  that  of  the  air.  Why,  look  at  it : 
it  looks  something  like  the  light  you  saw  at 
the  poles  of  the  voltaic  battery.  Think  how 
vigorous  that  action  must  be!  And  yet,  during 
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all  that  action,  nothing  more  is  produced  than 
what  is  produced  by  the  burning  of  the  candle 
in  air.  We  have  the  same  production  of  water, 
and  the  same  phenomena  exactly,  when  we  use 
this  gas  instead  of  air,  as  we  have  when  the 
candle  is  burnt  in  air. 

But  now  we  have  got  a knowledge  of  this 
new  substance,  we  can  look  at  it  a little  more 
distinctly,  in  order  to  satisfy  ourselves  that  we 
have  got  a good  general  understanding  of  this 
part  of  the  product  of  a candle.  It  is  wonder- 
ful how  great  the  supporting  powers  of  this 
substance  are  as  regards  combustion.  For 
instance,  here  is  a lamp  which,  simple  though 
it  be,  is  the  original,  I may  say,  of  a great 
variety  of  lamps  which  are  constructed  for 
divers  purposes  — for  light-houses,  microscopic 
illuminations,  and  other  uses;  and  if  it  were 
proposed  to  make  it  burn  veiy  brightly,  you 
would  say,  “ If  a candle  burnt  better  in  oxygen, 
will  not  a lamp  do  the  same?”  Why,  it  will 
do  so.  Mr.  Anderson  will  give  me  a tube 
coming  from  our  oxygen  reservoir,  and  I am 
about  to  apply  it  to  this  flame,  which  I will 
previously  make  burn  badly  on  purpose.  There 
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comes  the  oxygen:  what  a combusion  that 
makes!  But  if  I shut  it  off,  what  becomes  of 
the  lamp  ? [The  flow  of  oxygen  was  stopped, 
and  the  lamp  relapsed  to  its  former  dimness.] 
It  is  wonderful  how,  by  means  of  oxygen,  we 
get  combustion  accelerated.  But  it  does  not 
affect  merely  the  combustion  of  hydrogen,  or 
carbon,  or  the  candle;  but  it  exalts  all  com- 
bustions of  the  common  kind.  We  will  take 
one  which  relates  to  iron,  for  instance,  as  you 
have  already  seen  iron  burn  a little  in  the 
atmosphere.  Here  is  a jar  of  oxygen,  and  this 
is  a piece  of  iron  wire;  but  if  it  were  a bar  as 
thick  as  my  wrist,  it  would  burn  the  same.  I 


first  attach  a little  piece  of  wood  to  the  iron,  I 
then  set  the  wood  on  fire,  and  let  them  both 
down  together  into  the  jar.  The  wood  is  now 


Fig.  23. 
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alight,  and  there  it  burns  as  wood  should  burn 
in  oxygen;  but  it  will  soon  communicate  its 
combustion  to  the  iron.  The  iron  is  now  burn- 
ing brilliantly,  and  will  continue  so  for  a long 
time.  As  long  as  we  supply  oxygen,  so  long 
can  we  carry  on  the  combustion  of  the  iron, 
until  the  latter  is  consumed. 

We  will  now  put  that  on  one  side,  and  take 
some  other  substance;  but  we  must  limit  our 
experiments,  for  we  have  not  time  to  spare  for 
all  the  illustrations  you  would  have  a right  to 
if  we  had  more  time.  We  will  take  a piece  of 
sulphur — you  know  how  sulphur  burns  in  the 
air — well,  we  put  it  into  the  oxygen,  and  you 
will  see  that  whatever  can  burn  in  air,  can  burn 


Fig.  24. 

with  a far  greater  intensity  in  oxygen,  leading 
you  to  think  that  perhaps  the  atmosphere  itself 
owes  all  its  power  of  combustion  to  this  gas. 
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The  sulphur  is  now  burning  very  quietly  in  the 
oxygen;  but  you  cannot  for  a moment  mistake 
the  very  high  and  increased  action  which  takes 
place  when  it  is  so  burnt,  instead  of  being  burnt 
merely  in  common  air. 

I am  now  about  to  shew  you  the  combustion 
of  another  substance — phosphorus.  I can  do 
it  better  for  you  here  than  you  can  do  it  at 
home.  This  is  a very  combustible  substance; 
and  if  it  be  so  combustible  in  air,  what  might 
you  expect  it  would  be  in  oxygen  ? I am 
about  to  shew  it  to  you  not  in  its  fullest 
intensity,  for  if  I did  so  we  should  almost 
blow  the  apparatus  up  — I may  even  now 
crack  the  jar,  though  I do  not  want  to  break 
things  carelessly.  You  see  how  it  burns  in 
the  air.  But  what  a glorious  light  it  gives 
out  when  I introduce  it  into  oxygen  ! [Intro- 
ducing the  lighted  phosphorus  into  the  jar 
of  oxygen.]  There  you  see  the  solid  particles 
going  off  which  cause  that  combustion  to  be 
so  brilliantly  luminous. 

Thus  far  we  have  tested  this  power  of 
oxygen,  and  the  high  combustion  it  produces 
by  means  of  other  substances.  We  must  now, 
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for  a little  while  longer,  look  at  it  as  respects 
the  hydrogen.  You  know,  when  we  allowed 
the  oxygen  and  the  hydrogen  derived  from 
the  water  to  mix  and  burn  together,  we  had 
a little  explosion.  You  remember,  also,  that 
when  I burnt  the  oxygen  and  the  hydrogen 
in  a jet  together,  we  got  very  little  light,  but 
great  heat.  I am  now  about  to  set  fire  to 
oxygen  and  hydrogen,  mixed  in  the  proportion 
in  which  they  occur  in  water.  Here  is  a vessel 
containing  one  volume  of  oxygen  and  two 
volumes  of  hydrogen.  This  mixture  is  exactly 
of  the  same  nature  as  the  gas  we  just  now 
obtained  from  the  voltaic  battery:  it  would  be 
far  too  much  to  burn  at  once;  I have  therefore 
arranged  to  blow  soap-bubbles  with  it,  and  burn 
those  bubbles,  that  we  may  see  by  a general 
experiment  or  two  how  this  oxygen  supports 
the  combustion  of  the  hydrogen.  First  of  all; 
we  will  see  whether  we  can  blow  a bubble. 
Well,  there  goes  the  gas  [causing  it  to  issue 
through  a tobacco-pipe  into  some  soap-suds]. 
Here  I have  a bubble.  I am  receiving  them 
on  my  hand:  and  you  will  perhaps  think  I am 
acting  oddly  in  this  experiment;  but  it  is  to 
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shew  you  that  we  must  not  always  trust  to 
noise  and  sounds,  but  rather  to  real  facts.  [Ex- 
ploding a bubble  on  the  palm  of  his  hand.’]  I 
am  afraid  to  fire  a bubble  from  the  end  of  the 
pipe,  because  the  explosion  would  pass  up 
into  the  jar  and  blow  it  to  pieces.  This  oxygen 
then  will  unite  with  the  hydrogen,  as  you  see 
by  the  phenomena,  and  hear  by  the  sound, 
with  the  utmost  readiness  of  action,  and  all  its 
powers  are  then  taken  up  in  its  neutralisation 
of  the  qualities  of  the  hydrogen. 

So  now  I think  you  will  perceive  the  whole 
history  of  water  with  reference  to  oxygen  and 
the  air,  from  what  we  have  before  said.  Why 
does  a piece  of  potassium  decompose  water  ? 
Because  it  finds  oxygen  in  the  water.  What 
is  set  free  when  I put  it  in  the  water,  as  I am 
about  to  do  again  ? It  sets  free  hydrogen,  and 
the  hydrogen  burns;  but  the  potassium  itself 
combines  with  oxygen;  and  this  piece  of  potas- 
sium, in  taking  the  water  apart — the  water,  you 
may  say,  derived  from  the  combustion  of  the 
candle — takes  away  the  oxygen  which  the 
candle  took  from  the  air,  and  so  sets  the 
hydrogen  free;  and  even  if  I take  a piece  of 


126  THE  CHEMICAL  HISTORY  OF  A CANDLE. 


ice,  and  put  a piece  of  potassium  upon  it,  the 
beautiful  affinities  by  which  the  oxygen  and 
the  hydrogen  are  related  are  such,  that  the  ice 
will  absolutely  set  fire  to  the  potassium.  I 
shew  this  to  you  to-day,  in  order  to  enlarge 
your  ideas  of  these  things,  and  that  you  may 
see  how  greatly  results  are  modified  by  circum- 
stances. There  is  the  potassium  on  the  ice, 
producing  a sort  of  volcanic  action. 

It  will  be  my  place,  when  next  we  meet, 
having  pointed  out  these  anomalous  actions, 
to  shew  you  that  none  of  these  extra  and 
strange  effects  are  met  with  by  us — that  none 
of  these  strange  and  injurious  actions  take  place 
when  we  are  burning,  not  merely  a candle,  but 
gas  in  our  streets,  or  fuel  in  our  fireplaces,  so 
long  as  we  confine  ourselves  within  the  laws 
that  Nature  has  made  for  our  guidance. 


LECTURE  V. 


OXYGEN  PRESENT  IN  THE  AIR — NATURE  OF 
THE  ATMOSPHERE — ITS  PROPERTIES — OTHER 
PRODUCTS  FROM  THE  CANDLE — CARBONIC 
ACID — ITS  PROPERTIES. 

7E  have  now  seen  that  we  can  produce 
* * hydrogen  and  oxygen  from  the  water 
that  we  obtained  from  the  candle.  Hydrogen, 
you  know,  comes  from  the  candle,  and  oxygen, 
you  believe,  comes  from  the  air.  But  then  you 
have  a right  to  ask  me,  “ How  is  it  that  the 
air  and  the  oxygen  do  not  equally  well  burn 
the  candle?”  If  you  remember  what  happened 
when  I put  a jar  of  oxygen  over  a piece  of 
candle,  you  recollect  there  was  a very  different 
kind  of  combustion  to  that  which  took  place  in 
the  air.  Now,  why  is  this  ? It  is  a very  im- 
portant question,  and  one  I shall  endeavour  to 
make  you  understand:  it  relates  most  inti- 
mately to  the  nature  of  the  atmosphere,  and  is 
most  important  to  us. 
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We  have  several  tests  for  oxygen  besides  the 
mere  burning  of  bodies.  You  have  seen  a candle 
burnt  in  oxygen,  or  in  the  air;  you  have  seen 
phosphorus  burnt  in  the  air,  or  in  oxygen  ; 
and  you  have  seen  iron-filings  burnt  in  oxygen. 
But  we  have  other  tests  besides  these,  and  I 
am  about  to  refer  to  one  or  two  of  them  for 
the  purpose  of  carrying  your  conviction  and 
your  experience  further.  Here  we  have  a vessel 
of  oxygen.  I will  shew  its  presence  to  you: 
if  I take  a little  spark  and  put  it  into  that 
oxygen,  you  know,  by  the  experience  you  gained 
the  last  time  we  met,  what  will  happen;  if  I 
put  that  spark  into  the  jar,  it  will  tell  you 
whether  we  have  oxygen  here  or  not.  Yes! 
We  have  proved  it  by  combustion;  and  now 
here  is  another  test  for  oxygen,  which  is  a very 
curious  and  useful  one.  I have  here  two  jars 
full  of  gas,  with  a plate  between  them  to  pre- 
vent their  mixing  ; I take  the  plate  away,  and 
the  gases  are  creeping  one  into  the  other 
“What  happens  ?”  say  you:  “they  together 
produce  no  such  combustion  as  was  seen  in  the 
case  of  the  candle.”  But  see  how  the  presence 
of  oxygen  is  told  by  its  association  with  this 
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other  substance  (16).  What  a beautifully  coloured 
gas  I have  obtained  in  this  way,  shewing  me 
the  presence  of  the  oxygen!  In  the  same  way 
we  can  try  this  experiment  by  mixing  common 
air  with  this  test-gas.  Here  is  a jar  containing 
air — such  air  as  the  candle  would  burn  in — and 
here  is  a jar  or  bottle  containing  the  test-gas. 
I let  them  come  together  over  water,  and  you 
see  the  result:  the  contents  of  the  test-bottle 
are  flowing  into  the  jar  of  air,  and  you  see  I 
obtain  exactly  the  same  kind  of  action  as  before, 
and  that  shews  me  that  there  is  oxygen  in  the 
air — the  very  same  substance  that  has  been 
already  obtained  by  us  from  the  water  produced 
by  the  candle.  But  then,  beyond  that,  how  is 
it  that  the  candle  does  not  burn  in  air  as  well 
as  in  oxygen  ? We  will  come  to  that  point  at 
once.  I have  here  two  jars;  they  are  filled  to 
the  same  height  with  gas,  and  the  appearance 
to  the  eye  is  alike  in  both,  and  I really  do  not 
know  at  present  which  of  these  jars  contains 
oxygen  and  which  contains  air,  although  I 
know  they  have  previously  been  filled  with 
these  gases.  But  here  is  our  test-gas,  and  I am 
going  to  work  with  the  two  jars,  in  order  to 
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examine  whether  there  is  any  difference  between 
them  in  the  quality  of  reddening  this  gas.  I 
am  now  going  to  turn  this  test-gas  into  one  of 
the  jars,  and  observe  what  happens.  There 
is  reddening,  you  see;  there  is  then  oxygen 
present.  We  will  now  test  the  other  jar;  but 
you  see  this  is  not  so  distinctly  red  as  the  first: 
and,  further,  this  curious  thing  happens, — if  I 
take  these  two  gases  and  shake  them  well 
together  with  water,  we  shall  absorb  the  red 
gas;  and  then,  if  I put  in  more  of  this  test-gas 
and  shake  again,  we  shall  absorb  more;  and  I 
can  go  on  as  long  as  there  be  any  oxygen  pre- 
sent to  produce  that  effect.  If  I let  in  air,  it 
will  not  matter;  but  the  moment  I introduce 
water,  the  red  gas  disappears;  and  I may  go  on 
in  this  way,  putting  in  more  and  more  of  the 
test-gas,  until  I come  to  something  left  behind 
which  will  not  redden  any  longer  by  the  use  of 
that  particular  body  that  rendered  the  air  and 
the  oxygen  red.  Why  is  that?  You  see  in  a 
moment  it  is  because  there  is,  besides  oxygen, 
something  else  present  which  is  left  behind.  I 
will  let  a little  more  air  into  the  jar,  and  if  it 
turns  red  you  will  know  that  some  of  that  red- 
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dening  gas  is  still  present,  and  that  consequently 
it  was  not  for  the  want  of  this  producing  body 
that  that  air  was  left  behind. 

Now,  you  will  begin  to  understand  what  I 
am  about  to  say.  You  saw  that  when  I 
burnt  phosphorus  in  a jar,  as  the  smoke 
produced  by  the  phosphorus  and  the  oxygen 
of  the  air  condensed,  it  left  a good  deal  of 
gas  unburnt,  just  as  this  red  gas  left  some- 
thing untouched, — there  was,  in  fact,  this  gas 
left  behind,  which  the  phosphorus  cannot  touch, 
which  the  reddening  gas  cannot  touch,  and 
this  something  is  not  oxygen,  and  yet  is  part 
of  the  atmosphere. 

So  that  is  one  way  of  opening  out  air  into 
the  two  things  of  which  it  is  composed  — 
oxygen,  which  burns  our  candles,  our  phos- 
phorus, or  anything  else;  and  this  other  sub- 
stance— nitrogen — which  will  not  burn  them. 
This  other  part  of  the  air  is  by  far  the  larger 
proportion,  and  it  is  a very  curious  body,  when 
we  come  to  examine  it ; it  is  remarkably 
curious,  and  yet  you  say,  perhaps,  that  it  is 
very  uninteresting.  It  is  uninteresting  in  some 

respects  because  of  this  — that  it  shews  no 

I 
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brilliant  effects  of  combustion.  If  I test  it 
with  a taper  as  I do  oxygen  and  hydrogen,  it 
does  not  burn  like  hydrogen,  nor  does  it  make 
the  taper  burn  like  oxygen.  Try  it  in  any 
way  I will,  it  does  neither  the  one  thing  nor 
the  other:  it  will  not  take  fire;  it  will  not  let 
the  taper  burn;  it  puts  out  the  combustion  of 
everything.  There  is  nothing  that  will  burn 
in  it  in  common  circumstances.  It  has  no 
smell;  it  is  not  sour;  it  does  not  dissolve  in 
water ; it  is  neither  an  acid  nor  an  alkali ; 
it  is  as  indifferent  to  all  our  organs  as  it  is 
possible  for  a thing  to  be.  And  you  might 
say,  “It  is  nothing;  it  is  not  worth  chemical 
attention;  what  does  it  do  in  the  air?”  Ah! 
then  come  our  beautiful  and  fine  results  shewn 
us  by  an  observant  philosophy.  Suppose, 
in  place  of  having  nitrogen,  or  nitrogen  and 
oxygen,  we  had  pure  oxygen  as  our  atmos- 
phere; what  would  become  of  us?  You  know 
very  well  that  a piece  of  iron  lit  in  a jar  of 
oxygen  goes  on  burning  to  the  end.  When 
you  see  a fire  in  an  iron  grate,  imagine  where 
the  grate  would  go  to  if  the  whole  of  the 
atmosphere  were  oxygen.  The  grate  would 
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burn  up  more  powerfully  than  the  coals — for 
the  iron  of  the  grate  itself  is  even  more  com- 
bustible than  the  coals  which  we  burn  in  it. 
A fire  put  into  the  middle  of  a locomotive 
would  be  a fire  in  a magazine  of  fuel,  if  the 
atmosphere  were  oxygen.  The  nitrogen  lowers 
it  down  and  makes  it  moderate  and  useful  for 
us,  and  then,  with  all  that,  it  takes  away  with 
it  the  fumes  that  you  have  seen  produced  from 
the  candle,  disperses  them  throughout  the  whole 
of  the  atmosphere,  and  carries  them  away  to 
places  where  they  are  wanted  to  perform  a 
great  and  glorious  purpose  of  good  to  man,  for 
the  sustenance  of  vegetation;  and  thus  does  a 
most  wonderful  work,  although  you  say,  on 
examining  it,  “ Why,  it  is  a perfectly  indifferent 
thing.”  This  nitrogen  in  its  ordinary  state  is 
an  inactive  element ; no  action  short  of  the 
most  intense  electric  force,  and  then  in  the  most 
infinitely  small  degree,  can  cause  the  nitrogen 
to  combine  directly  with  the  other  element  of 
the  atmosphere,  or  with  other  things  round 
about  it;  it  is  a perfectly  indifferent,  and  there- 
fore to  say,  a safe  substance. 

But  before  I take  you  to  that  result,  I must 
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tell  you  about  the  atmosphere  itself.  I have 
written  on  this  diagram  the  composition  of  one 
hundred  parts  of  atmospheric  air: — ■ 
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It  is  a true  analysis  of  the  atmosphere,  so  far 
as  regards  the  quantity  of  oxygen  and  the 
quantity  of  nitrogen  present.  By  our  analysis, 
we  find  that  5 pints  of  the  atmosphere  contain 
only  1 pint  of  oxygen,  and  4 pints,  or  4 parts,  of 
nitrogen  by  bulk.  That  is  our  analysis  of  the 
atmosphere.  It  requires  all  that  quantity  of 
nitrogen  to  reduce  the  oxygen  down,  so  as  to 
be  able  to  supply  the  candle  properly  with 
fuel,  so  as  to  supply  us  with  an  atmosphere 
which  our  lungs  can  healthily  and  safely 
breathe;  for  it  is  just  as  important  to  make 
the  oxygen  right  for  us  to  breathe,  as  it  is  to 
make  the  atmosphere  right  for  the  burning  of 
the  fire  and  the  candle. 

But  now  for  this  atmosphere.  First  of  all, 
let  me  tell  you  the  weight  of  these  gases.  A 
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pint  of  nitrogen  weighs  iox4q  grains,  or  a cubic 
foot  weighs  if  ounce.  That  is  the  weight  of 
the  nitrogen.  The  oxygen  is  heavier:  a pint 
of  it  weighs  1 ix<y  grains,  and  a cubic  foot  weighs 
if  ounce.  A pint  of  air  weighs  about  ioXy 
grains,  and  a cubic  foot  if  ounce. 


Fig.  25. 


You  have  asked  me  several  times,  and  I am 
very  glad  you  have,  “ How  do  you  weigh 
gases?”  I will  shew  you;  it  is  very  simple, 
and  easily  done.  Here  is  a balance,  and  here  a 
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copper  bottle,  made  as  light  as  we  can  con- 
sistent with  due  strength,  turned  very  nicely  in 
the  lathe,  and  made  perfectly  air-tight,  with  a 
stop-cock,  which  we  can  open  and  shut,  which 
at  present  is  open,  and  therefore  allows  the 
bottle  to  be  full  of  air.  I have  here  a nicely- 
adjusted  balance,  in  which  I think  the  bottle, 
in  its  present  condition,  will  be  balanced  by  the 
weight  on  the  other  side.  And  here  is  a pump 
by  which  we  can  force  the  air  into  this  bottle, 
and  with  it  we  will  force  in  a certain  number  of 
volumes  of  air,  as  measured  by  the  pump. 
[Twenty  measures  were  pumped  in.]  We  will 
shut  that  in  and  put  it  in  the  balance.  See 
how  it  sinks:  it  is  much  heavier  than  it  was. 
By  what  ? By  the  air  that  we  have  forced 
into  it  by  the  pump.  There  is  not  a greater 
bulk  of  air,  but  there  is  the  same  bulk  of  heavier 
air,  because  we  have  forced  in  air  upon  it.  And 
that  you  may  have  a fair  notion  in  your  mind 
as  to  how  much  this  air  measures,  here  is  a jar 
full  of  water.  We  will  open  that  copper  vessel 
into  this  jar,  and  let  the  air  return  to  its  former 
state.  All  I have  to  do  now  is  to  screw  them 
tightly  together,  and  to  turn  the  taps,  when 
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there,  you  see,  is  the  bulk  of  the  twenty 
pumps  of  air  which  I forced  into  the  bottle; 
and  to  make  sure  that  we  have  been  quite 
correct  in  what  we  have  been  doing,  we  will 
take  the  bottle  again  to  the  balance,  and,  if  it 
is  now  counterpoised  by  the  original  weight,  we 
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shall  be  quite  sure  we  have  made  our  experi- 
ment correctly.  It  is  balanced ; so,  you  see,  we 
can  find  out  the  weight  of  the  extra  volumes 
of  air  forced  in,  in  that  way,  and  by  that  means 
we  are  able  to  ascertain  that  a cubic  foot  of 
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air  weighs  ii  ounce.  But  that  small  experi- 
ment will  by  no  means  convey  to  your  mind 
the  whole  literal  truth  of  this  matter.  It  is 
wonderful  how  it  accumulates  when  you  come 
to  larger  volumes.  This  bulk  of  air  [a  cubic 
foot]  weighs  ii  ounce.  What  do  you  think 
of  the  contents  of  that  box  above  there,  which 
I have  had  made  for  the  purpose?  The  air 
which  is  within  that  box  weighs  one  pound — a 
full  pound;  and  I have  calculated  the  weight  of 
the  air  in  this  room, — you  would  hardly  imagine 
it,  but  it  is  above  a ton.  So  rapidly  do  the 
weights  rise  up,  and  so  important  is  the  presence 
of  the  atmosphere,  and  of  the  oxygen  and 
the  nitrogen  in  it,  and  the  use  it  performs 
in  conveying  things  to  and  fro  from  place 
to  place,  and  carrying  bad  vapours  to  places 
where  they  will  do  good  instead  of  harm. 

Having  given  you  that  little  illustration 
with  respect  to  the  weight  of  the  air,  let  me 
shew  you  certain  consequences  of  it.  You 
have  a right  to  them,  because  you  would  not 
understand  so  much  without  it.  Do  you 
remember  this  kind  of  experiment  ? Have  you 
ever  seen  it  ? Suppose  I take  a pump  some- 
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what  similar  to  the  one  I had  a little  while 
ago  to  force  air  into  the  bottle,  and  suppose 
I place  it  in  such  a manner  that  by  certain 
arrangements  I can  apply  my  hand  to  it:  my 


Fig.  27. 


hand  moves  about  in  the  air  so  easily  that  it 
seems  to  feel  nothing,  and  I can  hardly  get 
velocity  enough  by  any  motion  of  my  own 
in  the  atmosphere  to  make  sure  that  there  is 
much  resistance  to  it.  But,  when  I put  my 
hand  here  [on  the  air-pump  receiver,  which 
was  afterwards  exhausted],  you  see  what 
happens.  Why  is  my  hand  fastened  to  this 
place,  and  why  am  I able  to  pull  this  pump 
about?  And  see!  how  is  it  that  I can  hardly 
get  my  hand  away?  Why  is  this?  It  is  the 
weight  of  the  air  — the  weight  of  the  air 
that  is  above.  I have  another  experiment 
here,  which  I think  will  explain  to  you  more 
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about  it.  When  the  air  is  pumped  from 
underneath  the  bladder  which  is  stretched 
over  this  glass,  you  will  see  the  effect  in 
another  shape:  the  top  is  quite  flat  at  pre- 
sent, but  I will  make  a very  little  motion 
with  the  pump,  and  now  look  at  it — see 
how  it  has  gone  down,  see  how  it  is  bent  in. 
You  will  see  the  bladder  go  in  more  and 
more,  until  at  last  I expect  it  will  be  driven 
in  and  broken  by  the  force  of  the  atmosphere 


pressing  upon  it.  [The  bladder  at  last  broke 
with  a loud  report.]  Now,  that  was  done 
entirely  by  the  weight  of  the  air  pressing  on 
it,  and  you  can  easily  understand  how  that  is. 
The  particles  that  are  piled  up  in  the  atmo- 
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sphere  stand  upon  each  other,  as  these  five 
cubes  do.  You  can  easily  conceive  that  four 
of  these  five  cubes  are  resting  upon  the 
bottom  one,  and  if  I take  that  away,  the 
others  will  all  sink  down.  So  it  is  with  the 
atmosphere:  the  air  that  is  above  is  sustained 
by  the  air  that  is  beneath;  and  when  the  air 
is  pumped  away  from  beneath  them,  the 
change  occurs  which  you  saw  when  I placed 
my  hand  on  the  air-pump,  and  which  you  saw 
in  the  case  of  the  bladder,  and  which  you 
shall  see  better  here.  I have  tied  over  this 
jar  a piece  of  sheet  india-rubber,  and  I am 
now  about  to  take  away  the  air  from  the 
inside  of  the  jar;  and  if  you  will  watch  the 
india-rubber — which  acts  as  a partition  between 
the  air  below  and  the  air  above — you  will  see, 
when  I pump,  how  the  pressure  shews  itself. 
See  where  it  is  going  to — I can  actually  put 
my  hand  into  the  jar;  and  yet  this  result  is 
only  caused  by  the  great  and  powerful  action 
of  the  air  above.  How  beautifully  it  shews 
this  curious  circumstance ! 

Here  is  something  that  you  can  have  a pull 
at,  when  I have  finished  to-day.  It  is  a little 
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apparatus  of  two  hollow  brass  hemispheres, 
closely  fitted  together,  and  having  connected 
with  it  a pipe  and  a cock,  through  which  we 
can  exhaust  the  air  from  the  inside;  and 
although  the  two  halves  are  so  easily  taken 
apart,  while  the  air  is  left  within,  yet  you  will 
see,  when  we  exhaust  it  by-and-by,  no  power 
of  any  two  of  you  will  be  able  to  pull  them 
apart.  Every  square  inch  of  surface  that  is 
contained  in  the  area  of  that  vessel  sustains 
fifteen  pounds  by  weight,  or  nearly  so,  when  the 
air  is  taken  out;  and  you  may  try  your  strength 
presently  in  seeing  whether  you  can  overcome 
that  pressure  of  the  atmosphere. 

Here  is  another  very  pretty  thing — the  boys’ 
sucker,  only  refined  by  the  philosopher.  We 
young  ones  have  a perfect  right  to  take  toys, 
and  make  them  into  philosophy,  inasmuch  as 
now-a-days  we  are  turning  philosophy  into 
toys.  Here  is  a sucker,  only  it  is  made  of  india- 
rubber  : if  I clap  it  upon  the  table,  you  see  at 
once  it  holds.  Why  does  it  hold?  I can  slip 
it  about,  and  yet  if  I try  to  pull  it  up,  it  seems 
as  if  it  would  pull  the  table  with  it.  I can 
easily  make  it  slip  about  from  place  to  place; 
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but  only  when  I bring  it  to  the  edge  of  the 
table  can  I get  it  off.  It  is  only  kept  down  by 
the  pressure  of  the  atmosphere  above.  We 
have  a couple  of  them;  and  if  you  take  these 
two  and  press  them  together,  you  will  see  how 
firmly  they  stick.  And,  indeed,  we  may  use 
them  as  they  are  proposed  to  be  used,  to  stick 
against  windows,  or  against  walls,  where  they 
will  adhere  for  an  evening,  and  serve  to  hang 
anything  on  that  you  want.  I think,  however, 
that  you  boys  ought  to  be  shewn  experiments 
that  you  can  make  at  home;  and  so  here  is  a 
very  pretty  experiment  in  illustration  of  the 
pressure  of  the  atmosphere.  Here  is  a tumbler 
of  water.  Suppose  I were  to  ask  you  to  turn 
that  tumbler  upside-down,  so  that  the  water 
should  not  fall  out,  and  yet  not  be  kept  in  by 
your  hand,  but  merely  by  using  the  pressure  of 
the  atmosphere.  Could  you  do  that?  Take  a 
wine-glass,  either  quite  full  or  half-full  of  water, 
and  put  a flat  card  on  the  top,  turn  it  upside- 
down,  and  then  see  what  becomes  of  the  card 
and  of  the  water.  The  air  cannot  get  in  because 
the  water  by  its  capillary  attraction  round  the 
edge  keeps  it  out. 
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I think  this  will  give  you  a correct  notion  of 
what  you  may  call  the  materiality  of  the  air; 
and  when  I tell  you  that  the  box  holds  a pound 
of  it,  and  this  room  more  than  a ton,  you  will 
begin  to  think  that  air  is  something  very  serious. 
I will  make  another  experiment,  to  convince  you 
of  this  positive  resistance.  There  is  that  beauti- 
ful experiment  of  the  popgun,  made  so  well  and 
so  easily,  you  know,  out  of  a quill,  or  a tube,  or 
anything  of  that  kind, — where  we  take  a slice  of 
potato,  for  instance,  or  an  apple,  and  take  the 
tube  and  cut  out  a pellet,  as  I have  now  done, 
and  push  it  to  one  end.  I have  made  that  end 
tight;  and  now  I take  another  piece  and  put  it 
in:  it  will  confine  the  air  that  is  within  the  tube 
perfectly  and  completely  for  our  purpose;  and  I 
shall  now  find  it  absolutely  impossible  by  any 
force  of  mine  to  drive  that  little  pellet  close  up 
to  the  other.  It  cannot  be  done.  I may  press 
the  air  to  a certain  extent,  but  if  I go  on 
pressing,  long  before  it  comes  to  the  second,  the 
confined  air  will  drive  the  front  one  out  with  a 
force  something  like  that  of  gunpowder;  for 
gunpowder  is  in  part  dependent  upon  the  same 
action  that  you  see  here  exemplified. 


COMPRESSIBILITY  OF  AIR.  145 

I saw  the  other  clay  an  experiment  which 
pleased  me  much,  as  I thought  it  would  serve 
our  purpose  here.  (I  ought  to  have  held  my 
tongue  for  four  or  five  minutes  before  beginning 
this  experiment,  because  it  depends  upon  my 
lungs  for  success.)  By  the  proper  application 
of  air  I expect  to  be  able  to  drive  this  egg  out 
of  one  cup  into  the  other  by  the  force  of  my 
breath;  but  if  I fail,  it  is  in  a good  cause;  and 
I do  not  promise  success,  because  I have  been 
talking  more  than  I ought  to  do  to  make  the 
experiment  succeed. 

[The  Lecturer  here  tried  the  experiment,  and 
succeeded  in  blowing  the  egg  from  one  egg-cup 
to  the  other.] 

You  see  that  the  air  which  I blow  goes  down- 
wards between  the  egg  and  the  cup,  and  makes 
a blast  under  the  egg,  and  is  thus  able  to  lift  a 
heavy  thing — for  a full  egg  is  a very  heavy 
thing  for  air  to  lift.  If  you  want  to  make  the 
experiment,  you  had  better  boil  the  egg  quite 
hard  first,  and  then  you  may  very  safely  try  to 
blow  it  from  one  cup  to  the  other,  with  a little  care. 

I have  now  kept  you  long  enough  upon  this 
property  of  the  weight  of  the  air,  but  there  is 
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another  thing  I should  like  to  mention.  You 
saw  the  way  in  which,  in  this  popgun,  I was 
able  to  drive  the  second  piece  of  potato  half 
or  two-thirds  of  an  inch  before  the  first  piece 
started,  by  virtue  of  the  elasticity  of  the  air — 
just  as  I pressed  into  the  copper  bottle  the 
particles  of  air  by  means  of  the  pump.  Now, 
this  depends  upon  a wonderful  property  in  the 
air,  namely,  its  elasticity;  and  I should  like  to 
give  you  a good  illustration  of  this.  If  I take 
anything  that  confines  the  air  properly,  as  this 
membrane,  which  also  is  able  to  contract  and 
expand  so  as  to  give  us  a measure  of  the 
elasticity  of  the  air,  and  confine  in  this  bladder 
a certain  portion  of  air;  and  then,  if  we  take 
the  atmosphere  off  from  the  outside  of  it,  just 
as  in  these  cases  we  put  the  pressure  on — if  we 
take  the  pressure  off,  you  will  see  how  it  will 
then  go  on  expanding  and  expanding,  larger 
and  larger,  until  it  will  fill  the  whole  of  this 
bell-jar,  shewing  you  that  wonderful  property 
of  the  air,  its  elasticity,  its  compressibility,  and 
expansibility,  to  an  exceedingly  large  extent, 
and  which  is  very  essential  for  the  purposes  and 
services  it  performs  in  the  economy  of  creation. 
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We  will  now  turn  to  another  very  important 
part  of  our  subject,  remembering  that  we  have 
examined  the  candle  in  its  burning,  and  have 
found  that  it  gives  rise  to  various  products. 
We  have  the  products,  you  know,  of  soot,  of 
water,  and  of  something  else  which  you  have 
not  yet  examined.  We  have  collected  the 
water,  but  have  allowed  the  other  things  to  go 
into  the  air.  Let  us  now  examine  some  of 
these  other  products. 

Here  is  an  experiment  which  I think  will 
help  you  in  part  in  this  way.  We  will  put  our 
candle  there,  and  place  over  it  a chimney,  thus. 
I think  my  candle  will  go  on  burning,  because 
the  air-passage  is  open  at  the  bottom  and  the 
top.  In  the  first  place,  you  see  the  moisture 
appearing — that  you  know  about.  It  is  water 
produced  from  the  candle  by  the  action  of  the 
air  upon  its  hydrogen.  But,  besides  that,  some- 
thing is  going  out  at  the  top:  it  is  not  moisture 
— it  is  not  water — it  is  not  condensible;  and 
yet,  after  all,  it  has  very  singular  properties. 
You  will  find  that  the  air  coming  out  of  the  top 
of  our  chimney  is  nearly  sufficient  to  blow  the 

light  out  I am  holding  to  it ; and  if  I put  the 

K 
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light  fairly  opposed  to  the  current,  it  will  blow  it 
quite  out.  You  will  say  that  is  as  it  should  be; 
and  I am  supposing  that  you  think  it  ought  to 
do  so,  because  the  nitrogen  does  not  support 


Fig.  29. 


combustion,  and  ought  to  put  the  candle  out, 
since  the  candle  will  not  burn  in  nitrogen.  But 
is  there  nothing  else  there  than  nitrogen  ? I 
must  now  anticipate — that  is  to  say,  I must 
use  my  own  knowledge  to  supply  you  with  the 
means  that  we  adopt  for  the  purpose  of  ascer- 
taining these  things,  and  examining  such  gases 
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as  these.  I will  take  an  empty  bottle — here  is 
one — and  if  I hold  it  over  this  chimney,  I shall 
get  the  combustion  of  the  candle  below  sending 
its  results  into  the  bottle  above;  and  we  shall 
soon  find  that  this  bottle  contains,  not  merely 
an  air  that  is  bad  as  regards  the  combustion  of 
a taper  put  into  it,  but  having  other  properties. 

Let  me  take  a little  quick-lime  and  pour 
some  common  water  on  to  it — the  commonest 
water  will  do.  I will  stir  it  a moment,  then 
pour  it  upon  a piece  of  filtering  paper  in  a 
funnel,  and  we  shall  very  quickly  have  a clear 
water  proceeding  to  the  bottle  below,  as  I have 
here.  I have  plenty  of  this  water  in  another 
bottle;  but,  nevertheless,  I should  like  to  use  the 
lime-water  that  was  prepared  before  you,  so 
that  you  may  see  what  its  uses  are.  If  I take 
some  of  this  beautiful  clear  lime-water,  and  pour 
it  into  this  jar,  which  has  collected  the  air  from 
the  candle,  you  will  see  a change  coming  about. 
Do  you  see  that  the  water  has  become  quite 
milky?  Observe,  that  will  not  happen  with  air 
merely.  Here  is  a bottle  filled  with  air;  and  if  I 
put  a little  lime-water  into  it,  neither  the  oxygen 
nor  the  nitrogen,  nor  anything  else  that  is  in  that 
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quantity  of  air,  will  make  any  change  in  the 
lime-water.  It  remains  perfectly  clear,  and  no 
shaking  of  that  quantity  of  lime-water  with  that 
quantity  of  air  in  its  common  state  will  cause 
any  change;  but  if  I take  this  bottle  with  the 
lime-water,  and  hold  it  so’  as  to  get  the  general 
products  of.  the  candle  in  contact  with  it,  in  a 

t ■ » • • 

very  short  time  we  shall  have  it  milky.  There 
is  the  chalk,'  consisting  of  the  lime  which  we 
used  in  making' the  lime-water,  combined  with 
something  that  came  from  the  candle — that 
other  product  which  we  are  in  search  of,  and 
which  I want  to  tell  you  about  to-day.  This 

9 . • •*  * 

is  a substance  made  visible  to  us  by  its  action, 
which  is  not  the  action  of  the  lime-water  either 
upon  the  oxygen  or  upon  the  nitrogen,  nor 
upon  the  water  itself,  but  it  is  something  new 
to  us  from  the  candle.  And  then  we  find  this 
white  powder,  produced  by  the  lime-water  and 
the  vapour  from  the  candle,  appears  to  us 
very  much  like  whitening  or  chalk,  and,  when 
examined,  it  docs  prove  to  be  exactly  the  same 
substance  as  whitening  or  chalk.  So  we  are 
led,  or  have  been  led,  to  observe  upon  the 
various  circumstances  of  this  experiment,  and 
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to  trace  this  production  of  chalk  to  its  various 
causes,  to  give  us  the  true  knowledge  of.  the 
nature  of  this  combustion  of . the  candle — to 
find  that  this  substance,  issuing  from  the 
candle,  is  exactly  the  same  as  that  substance 
which  would  issue  from  a retort,  if  I were  to 
put  some  chalk  into  it  with  a little  moisture, 
and  make  it  red-hot:  you  would  then  find  that 
exactly  the  same  substance  would  issue  from 
it  as  from  the  candle.  . , , 

But  we  have  a better  means  of  getting  this 
substance,  and  in  greater  quantity,  so  as  to 
ascertain  what  its  general  characters  are.  We 
find  this  substance  in  very  great  abundance  in 
a multitude  of  cases  where  you  would  least 
expect  it.  All  limestones  contain  a great  deal 
of  this  gas  which  issues  from  the  candle,  and 
which  we  call  carbonic  acid.  . All  chalks,  all 
shells,  all  corals  contain  a great  quantity  of 
this  curious  air.  ; We.  find  it  fixed  in 'these 
stones;  for  which  reason  Dr.  Black  called  it 
“fixed  air” — finding  it  , in  these  fixed  things 
like  marble  and  chalk.  He  called  it  fixed  air, 
because  it  lost  its  quality  of  air,  and  assumed 
the  condition  of  a solid  body.  ' We.  can  easily 
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get  this  air  from  marble.  Here  is  a jar  con- 
taining a little  muriatic  acid,  and  here  is  a 
taper  which,  if  I put  it  into  that  jar,  will  shew 
only  the  presence  of  common  air.  There  is, 
you  see,  pure  air  down  to  the  bottom  ; the  jar 
is  full  of  it.  Here  is  a substance — marble  (17), 
a very  beautiful  and  superior  marble — and  if 
I put  these  pieces  of  marble  into  the  jar,  a 
great  boiling  apparently  goes  on.  That,  how- 
ever, is  not  steam — it  is  a gas  that  is  rising 
up  ; and  if  I now  search  the  jar  by  a candle, 
I shall  have  exactly  the  same  effect  produced 
upon  the  taper  as  I had  from  the  air  which 
issued  from  the  end  of  the  chimney  over  the 
burning  candle.  It  is  exactly  the  same  action, 
and  caused  by  the  very  same  substance  that 
issued  from  the  candle ; and  in  this  way  we 
can  get  carbonic  acid  in  great  abundance — 
we  have  already  nearly  filled  the  jar.  We 
also  find  that  this  gas  is  not  merely  contained 
in  marble.  Here  is  a vessel  in  which  I have 
put  some  common  whitening  — chalk,  which 
has  been  washed  in  water  and  deprived  of 
its  coarser  particles,  and  so  supplied  to  the 
plasterer  as  whitening.  Here  is  a large  jar 
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containing  this  whitening  and  water,  and  I 
have  here  some  strong  sulphuric  acid,  which 
is  the  acid  you  might  have  to  use  if  you 
were  to  make  these  experiments  (only,  in  using 
this  acid  with  limestone,  the  body  that  is  pro- 
duced is  an  insoluble  substance,  whereas  the 
muriatic  acid  produces  a soluble  substance 
that  does  not  so  much  thicken  the  water). 
And  you  will  seek  out  a reason  why  I take 
this  kind  of  apparatus  for  the  purpose  of  shew- 
ing this  experiment.  I do  it  because  you 
may  repeat  in  a small  way  what  I am  about 
to  do  in  a large  one.  You  will  have  here 
just  the  same  kind  of  action;  and  I am  evolv- 
ing in  this  large  jar  carbonic  acid,  exactly  the 
same  in  its  nature  and  properties  as  the  gas 
which  we  obtained  from  the  combustion  of  the 
candle  in  the  atmosphere.  And  no  matter 
how  different  the  two  methods  by  which  we 
prepare  this  carbonic  acid,  you  will  see,  when 
we  get  to  the  end  of  our  subject,  that  it  is  all 
exactly  the  same,  whether  prepared  in  the  one 
way  or  in  the  other. 

We  will  now  proceed  to  the  next  experiment 
with  regard  to  this  gas.  What  is  its  nature  ? 
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Here  is  one  of  the  vessels  full,  and  we  will  try 
it,  as  we  have  done  so  many  other  gases,  by 
combustion.  You  see  it  is  not  combustible, 
nor  does  it  support  combustion.  Neither,  as 
we  know,  does  it  dissolve  much  in  water, 
because  we  collect  it  over  water  very  easily. 
Then,  you  know  that  it  has  an  effect,  and 
becomes  white  in  contact  with  lime-water ; 
and  when  it  does  become  white  in  that  way, 
it  becomes  one  of  the  constituents  to  make 
carbonate  of  lime  or  limestone. 

The  next  thing  I must  shew  you  is,  that  it 
really  does  dissolve  a little  in  water,  and  there- 
fore that  it  is  unlike  oxygen  and  hydrogen  in 
that  respect.  I have  here  an  apparatus  by 
which  we  can  produce  this  solution.  In  the 
lower  part  of  this  apparatus  is  marble  and 
acid,  and  in  the  upper  part  cold  water.  The 
valves  are  so  arranged  that  the  gas  can  get 
from  one  to  the  other.  I will  set  it  in  action 
now,  and  you  can  see  the  gas  bubbling  up 
through  the  water,  as  it  has  been  doing  all 
night  long,  and  by  this  time  we  shall  find 
that  we  have  this  substance  dissolved  in  the 
water.  If  I take  a glass  and  draw  off  some 
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of. the  water,  I find  that  it  tastes' a little  acid 
to  the  mouth  : it  is  impregnated  with  carbonic 
acid  ; and  if  I now  apply  a little  lime-water 
to  it,  that  will  give  us  a test  of  its  presence. 
This  water  will  make  the  lime-water  turbid 
and  white,  which  is  proof  of  the  presence  of 
carbonic  acid. 

Then  it  is  a very  weighty  gas — it  is  heavier 
than  the  atmosphere.  I have  put  their  respec- 
tive weights  at  the  lower  part  of  this  table, 
along  with,  for  comparison,  the  weights  of  the 
other  gases  we  have  been  examining: — 


Pint. 

Cubic  Foot. 

Hydrogen, 

•|  grains. 

■jW  ounce. 

Oxygen, 

IT9 

* * A1l^J  55 

H „ 

Nitrogen, 

. I0X%  „ 

IU  5 5 

Air, 

• • I0rV  n 

H „ 

Carbonic  acid, 

• . • 55 

<**■  ■ « 

I A 5, 

A pint  of  it  weighs  1 6 J grains,  and  a cubic 
foot  weighs  ounce,  almost  two  ounces. 

You  can  see  by  many  experiments  that  this 
is  a heavy  gas.  Suppose  I take  a glass  con- 
taining nothing  else  but  air,  and  from  this 
vessel  containing  the  carbonic  acid  I attempt 
to  pour  a little  of  this  gas  into  that  glass ; 
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I wonder  whether  any  has  gone  in  or  not. 
I cannot  tell  by  the  appearance,  but  I can 
in  this  way  [introducing  the  taper].  Yes,  there 
it  is,  you  see ; and  if  I were  to  examine  it 
by  lime-water,  I should  find  it  by  that  test 
also.  I will  take  this  little  bucket,  and  put  it 


down  into  the  well  of  carbonic  acid — indeed, 
we  too  often  have  real  wells  of  carbonic  acid 
— and  now,  if  there  is  any  carbonic  acid,  I 
must  have  got  to  it  by  this  time,  and  it  will 
be  in  this  bucket,  which  we  will  examine  with 
a taper.  There  it  is,  you  see ; it  is  full  of 
carbonic  acid. 
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There  is  another  experiment  by  which  I 
will  shew  you  its  wreight.  I have  here  a jar 
suspended  at  one  end  of  a balance — it  is  now 
equipoised ; but  when  I pour  this  carbonic 
acid  into  the  jar  on  the  one  side  which  now 
contains  air,  you  will  see  it  sink  down  at 
once,  because  of  the  carbonic  acid  that  I pour 
into  it.  And  now,  if  I examine  this  jar  with 
the  lighted  taper,  I shall  find  that  the  carbonic 
acid  has  fallen  into  it,  and  it  no  longer  has 
any  power  of  supporting  the  combustion.  If 
I blow  a soap-bubble,  which  of  course  will  be 
filled  with  air,  and  let  it  fall  into  this  jar  of 
carbonic  acid,  it  will  float.  But  I shall  first 


of  all  take  one  of  these  little  balloons  filled 
with  air.  I am  not  quite  sure  where  the 
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carbonic  acid  is ; we  will  just  try  the  depth, 
and  see  whereabouts  is  its  level.  There,  you 
see,  we  have  this  bladder  floating  on  the 
carbonic  acid  ; and  if  I evolve  some  more  of 
the  carbonic  acid,  the  bladder  will  be  lifted 
up  higher.  There  it  goes — the  jar  is  nearly 
full;  and  now  I will  see  whether  I can  blow 
a i soap-bubble  on  that,  and  float  it  in  the 
same  way.  [The  Lecturer  here  blew  a soap- 
bubble,  and  allowed  it  to  fall  into  the  jar  of 
carbonic  acid,  when  it  floated  in  it  midway.] 
It  is  floating,  as  the  balloon  floated,  by  virtue 
of  the  greater  weight  of  the  carbonic  acid 
than  of  the  air.  And  now,  having  so  far 
given  you  the  history  of  the  carbonic  acid — as 
to  its  sources  in  the  candle,  as  to  its  physical 
properties  and  weight — when  we  next  meet  I 
shall  shew  you  of  what  it  is  composed,  and 
where  it  gets  its  elements  from. 


LECTURE  VI. 


CARBON  OR  CHARCOAL — COAL  GAS— RESPIRA- 
TION AND  ITS  ANALOGY  TO  THE  BURNING 
OF  A CANDLE — CONCLUSION. 

* - ' i • * 

A LADY,  who  honours  me  by  her  presence 
-*■  at  these  Lectures,  has  conferred  a still 
further  obligation  by  sending  me  these  two 
candles,  which  are  from  Japan,  and,  I pre- 
sume, are  made  of  that  substance  to  which  I 
referred  in  a former  lecture.  You  see  that 
they  are  even  far  more  highly  ornamented 
than  the  French  candles ; and,  I suppose,  are 
candles  of  luxury,  judging  from  their  appear- 
ance. They  have  a remarkable  peculiarity 
about  them  — namely,  a hollow  wick, — that 
beautiful  peculiarity  which  Argand  introduced 
into  the  lamp,  and  made  so  valuable.  To 
those  who  receive  such  presents  from  the 
East,  I may  just  say  that  this  and  such  like 
materials  gradually  undergo  a change  which 


l60  THE  CHEMICAL  HISTORY  OF  A CANDLE. 


gives  them  on  the  surface  a dull  and  dead 
appearance ; but  they  may  easily  be  restored 
to  their  original  beauty,  if  the  surface  be 
rubbed  with  a clean  cloth  or  silk  handkerchief, 
so  as  to  polish  the  little  rugosity  or  roughness: 
this  will  restore  the  beauty  of  the  colours.  I 
have  so  rubbed  one  of  these  candles,  and  you 
see  the  difference  between  it  and  the  other 
which  has  not  been  polished,  but  which  may 
be  restored  by  the  same  process.  Observe, 
also,  that  these  moulded  candles  from  Japan 
are  made  more  conical  than  the  moulded 
candles  in  this  part  of  the  world. 

I told  you,  when  we  last  met,  a good  deal 
about  carbonic  acid.  We  found,  by  the  lime- 
water  test,  that  when  the  vapour  from  the  top 
of  the  candle  or  lamp  was  received  into  bottles, 
and  tested  by  this  solution  of  lime-water  (the 
composition  of  which  I explained  to  you,  and 
which  you  can  make  for  yourselves),  we  had 
that  white  opacity  which  was  in  fact  calcareous 
matter,  like  shells  and  corals,  and  many  of  the 
rocks  and  minerals  in  the  earth.  But  I have 
not  yet  told  you  fully  and  clearly  the  chemical 
history  of  this  substance — carbonic  acid — as  we 
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have  it  from  the  candle,  and  I must  now  resume 
that  subject.  We  have  seen  the  products,  and 
the  nature  of  them,  as  they  issue  from  the 
candle.  We  have  traced  the  water  to  its 
elements,  and  now  we  have  to  see  where  are 
the  elements  of  the  carbonic  acid  supplied  by 
the  candle.  A few  experiments  will  shew  this. 
You  remember  that  when  a candle  burns  badly, 
it  produces  smoke;  but  if  it  is  burning  well, 
there  is  no  smoke.  And  you  know  that  the 
brightness  of  the  candle  is  due  to  this  smoke, 
which  becomes  ignited.  Here  is  an  experiment 
to  prove  this:  so  long  as  the  smoke  remains  in 
the  flame  of  the  candle  and  becomes  ignited,  it 
gives  a beautiful  light,  and  never  appears  to  us 
in  the  form  of  black  particles.  I will  light 
some  fuel,  which  is  extravagant  in  its  burning. 
This  will  serve  our  purpose — a little  turpentine 
on  a sponge.  You  see  the  smoke  rising  from  it, 
and  floating  into  the  air  in  large  quantities;  and, 
remember  now,  the  carbonic  acid  that  we  have 
from  the  candle  is  from  such  smoke  as  that. 
To  make  that  evident  to  you,  I will  introduce 
this  turpentine  burning  on  the  sponge  into  a 
flask  where  I have  plenty  of  oxygen,  the  rich 
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part  of  the  atmosphere,  and  you  now  see  that 
the  smoke  is  all  consumed.  This  is  the  first 
part  of  our  experiment;  and  now,  what  follows? 
The  carbon  which  you  saw  flying  off  from  the 
turpentine  flame  in  the  air  is  now , entirely 
burned  in  this  oxygen,  and  we  shall  find  that  it 
will,  by  this  rough  and  temporary  experiment, 
give  us  exactly  the  same  conclusion  and  result 
as  we  had  from  the  combustion  of  the  candle. 
The  reason  why  I make  the  experiment  in  this 
manner  is  solely  that  I may  cause  the  steps  of 
our  demonstration  to  be  so  simple  that  you  can 
never  for  a moment  lose  the  train  of  reasoning, 
if  you  only  pay  attention.  ' All  the  carbon 
which  is  burned  in  oxygen,  or  air,  comes  out 
as  carbonic  acid,  whilst  those  particles  which 
are  not  so  burned  shew  you  the  second  sub- 
stance in  the  carbonic  acid — namely,  the  carbon 
— that  body  which  made  the  flame  so  bright 
whilst  there  was  plenty  of  air,  but  which  was 
thrown  off  in  excess  when  there  was  not  oxygen 
enough  to  burn  it. 

I have  also  to  shew  you  a little  more  dis- 
tinctly the  history  of  carbon  and  oxygen,  in 
their  union  to  make  carbonic  acid.  You  arc 
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now  better  able  to  understand  this  than  before, 
and  I have  prepared  three  or  four  experiments 
by  way  of  illustration.  This  jar  is  filled  with 
oxygen,  and  here  is  some  carbon  which  has  been 
placed  in  a crucible,  for  the  purpose  of  being 
made  red-hot.  I keep  my  jar  dry,  and  venture 
to  give  you  a result  imperfect  in  some  degree, 
in  order  that  I may  make  the  experiment 
brighter.  I am  about  to  put  the  oxygen  and 
the  carbon  together.  That  this  is  carbon 
(common  charcoal  pulverised),  you  will  see  by 
the  way  in  which  it  burns  in  the  air  [letting 
some  of  the  red-hot  charcoal  fall  out  of  the 
crucible].  I am  now  about  to  burn  it  in  ogygen 
gas,  and  look  at  the  difference.  It  may  appear 
to  you  at  a distance  as  if  it  were  burning  with 
a flame;  but  it  is  not  so.  Every  little  piece  of 
charcoal  is  burning  as  a spark,  and  whilst  it 
so  burns  it  is  producing  carbonic  acid.  I 
specially  want  these  two  or  three  experiments 
to  point  out  what  I shall  dwell  upon  more  dis- 
tinctly by-and-by — that  carbon  burns  in  this 
way,  and  not  as  a flame. 

Instead  of  taking  many  particles  of  carbon 

to  burn,  I will  take  a rather  large  piece,  which 

L 
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will  enable  you  to  see  the  form  and  size,  and  to 
trace  the  effects  very  decidedly.  Here  is  the 
jar  of  oxygen,  and  here  is  the  piece  of  charcoal, 
to  which  I have  fastened  a little  piece  of  wood, 
which  I can  set  fire  to,  and  so  commence  the 
combustion,  which  I could  not  conveniently  do 
without.  You  now  see  the  charcoal  burning, 
but  not  as  a flaiBe  (or  if  there  be  a flame,  it  is 
the  smallest  posable  one,  which  I know  the 

cause  of — namely,  the  formation  of  a little 

* 

carbonic  oxide  close  upon  the  surface  of  the 
carbon).  It  goes  on  burning,  you  see,  slowly 
producing  carbonic  acid  by  the  union  of  this 
carbon  or  charcoal  (they  are  equivalent  terms) 
with  the  oxygen.  I have  here  another  piece  of 
charcoal,  a piece  of  bark,  which  has  the  quality 
of  being  blown  to  pieces — exploding  as  it  burns. 
By  the  effect  of  the  heat,  we  shall  reduce  the 
lump  of  carbon  into  particles  that  will  fly  off ; 
still  every  particle,  equally  with  the  whole  mass, 
burns  in  this  peculiar  way:  it  burns  as  a coal, 
and  not  like  a flame.  You  observe  a multi- 
tude of  little  combustions  going  on,  but  no 
flame.  I do  not  know  a finer  experiment  than 
this,  to  shew  that  carbon  burns  with  a spark. 
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Here,  then,  is  carbonic  acid  formed  from  its 
elements.  It  is  produced  at  once;  and  if  we 
examined  it  by  lime-water,  you  will  see  that 
we  have  the  same  substance  which  I have  pre- 
viously described  to  you.  By  putting  together 
6 parts  of  carbon  by  weight  (whether  it  comes 
from  the  flame  of  a candle  or  from  powdered 
charcoal)  and  16  parts  of  oxygen  by  weight, 
we  have  22  parts  of  carbonic  acid ; and,  as  we 
saw  last  time,  the  22  parts  of  carbonic  acid, 
combined  with  28  parts  of  lime,  produced 
common  carbonate  of  lime.  If  you  were  to 
examine  an  oyster-shell,  and  weigh  the  com- 
ponent parts,  you  would  find  that  every  50 
parts  would  give  6 of  carbon  and  16  of  oxygen* 
combined  with  28  of  lime.  However,  I do  not 
want  to  trouble  you  with  these  minutiae — it  is 
only  the  general  philosophy  of  the  matter  that 
we  can  now  go  into.  See  how  finely  the  carbon 
is  dissolving  away  [pointing  to  the  lump  of 
charcoal  burning  quietly  in  the  jar  of  oxygen]. 
You  may  say  that  the  charcoal  is  actually  dis- 
solving in  the  air  round  about;  and  if  that  were 
perfectly  pure  charcoal,  which  we  can  easily 
prepare,  there  would  be  no  residue  whatever; 
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When  we  have  a perfectly  cleansed  and  puri- 
fied piece  of  carbon,  there  is  no  ash  left.  The 
carbon  burns  as  a solid  dense  body,  that  heat 
alone  cannot  change  as  to  its  solidity,  and  yet  it 
passes  away  into  vapour  that  never  condenses 
into  solid  or  liquid  under  ordinary  circum- 
stances; and  what  is  more  curious  still,  is  the 
fact  that  the  oxygen  does  not  change  in  its 
bulk  by  the  solution  of  the  carbon  in  it.  Just 
as  the  bulk  is  at  first,  so  it  is  at  last,  only  it  has 
become  carbonic  acid. 

There  is  another  experiment  which  I must 
give  you  before  you  are  fully  acquainted  with 
the  general  nature  of  carbonic  acid.  Being  a 
compound  body,  consisting  of  carbon  and 
oxygen,  carbonic  acid  is  a body  that  we  ought 
to  be  able  to  take  asunder.  And  so  we  can. 
As  we  did  with  water,  so  we  can  with  carbonic 
acid — take  the  two  parts  asunder.  The  simplest 
and  quickest  way  is  to  act  upon  the  carbonic 
acid  by  a substance  that  can  attract  the  oxygen 
from  it,  and  leave  the  carbon  behind.  You 
recollect  that  I took  potassium  and  put  it  upon 
water  or  ice,  and  you  saw  that  it  could  take 
the  oxygen  from  the  hydrogen.  Now,  suppose 
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we  do  something  of  the  same  kind  here  with 
this  carbonic  acid.  You  know  carbonic  acid  to 
be  a heavy  gas.  I will  not  test  it  with  lime- 
water,  as  that  will  interfere  with  our  subsequent 
experiments;  but  I think  the  heaviness  of  the 
gas  and  the  power  of  extinguishing  flame  will 
be  sufficient  for  our  purpose.  I introduce  a 
flame  into  the  gas,  and  you  will  see  whether 
it  will  be  put  out.  You  see  the  light  is  ex- 
tinguished. Indeed,  the  gas  may,  perhaps, 
put  out  phorphorus,  which,  you  know,  has  a 
pretty  strong  combustion.  Here  is  a piece  of 
phosphorus  heated  to  a high  degree.  I intro- 
duce it  into  gas,  and  you  observe  the  light  is 
put  out;  but  it  will  take  fire  again  in  the  air, 
because  there  it  re-enters  into  combustion. 
Now,  let  me  take  a piece  of  potassium,  a sub- 
stance which,  even  at  common  temperatures, 
can  act  upon  carbonic  acid,  though  not  suffi- 
ciently for  our  present  purpose,  because  it  soon 
gets  covered  with  a protecting  coat ; but  if  we 
warm  it  up  to  the  burning  point  in  air,  as  we 
have  a fair  right  to  do,  and  as  we  have  done 
with  phosphorus,  you  will  see  that  it  can  burn 
in  carbonic  acid ; and  if  it  burns,  it  will  burn  by 
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taking  oxygen,  so  that  you  will  see  what  is  left 
behind.  I am  going,  then,  to  burn  this  potas- 
sium in  the  carbonic  acid,  as  a proof  of  the 
existence  of  ogygen  in  the  carbonic  acid.  [In 
the  preliminary  process  of  heating,  the  potas- 
sium exploded.]  Sometimes  we  get  an  awkward 
piece  of  potassium  that  explodes,  or  something 
like  it,  when  it  burns.  I will  take  another 
piece;  and  now  that  it  is  heated,  I introduce  it 
into  the  jar,  and  you  perceive  that  it  burns  in 
the  carbonic  acid — not  so  well  as  in  the  air, 
because  the  carbonic  acid  contains  the  oxygen 
combined ; but  it  does  burn,  and  takes  away  the 
oxygen.  If  I now  put  this  potassium  into 
water,  I find  that,  besides  the  potash  formed 
(which  you  need  not  trouble  about),  there  is  a 
quantity  of  carbon  produced.  I have  here  made 
the  experiment  in  a very  rough  way;  but  I 
assure  you  that  if  I were  to  make  it  carefully, 
devoting  a day  to  it,  instead  of  five  minutes, 
we  should  get  all  the  proper  amount  of  charcoal 
left  in  the  spoon,  or  in  the  place  where  the 
potassium  was  burned,  so  that  there  could  be 
no  doubt  as  to  the  result.  Here,  then,  is  the 
carbon  obtained  from  the  carbonic  acid,  as  a 
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common  black  substance;  so  that  you  have  the 
entire  proof  of  the  nature  of  carbonic  acid  as 
consisting  of  carbon  and  oxygen.  And  now, 
I may  tell  you,  that  whenever  carbon  burns 
under  common  circumstances,  it  produces  car- 
bonic acid. 

Suppose  I take  this  piece  of  wood,  and  put  it 
into  a bottle  with  lime-water.  I might  shake 
that  lime-water  up  with  wood  and  the  atmo- 
sphere as  long  as  I pleased,  it  would  still  remain 
clear  as  you  see  it;  but  suppose  I burn  the 
piece  of  wood  in  the  air  of  that  bottle.  You,  of 
course,  know  I get  water.  Do  I get  carbonic 
acid  ? [The  experiment  was  performed.]  There 
it  is,  you  see — that  is  to  say,  the  carbonate 
lime,  which  results  from  carbonic  acid,  and  that 
carbonic  acid  must  be  formed  from  the  carbon 
which  comes  from  the  wood,  from  the  candle, 
or  any  other  thing.  Indeed,  you  have  your- 
selves frequently  tried  a very  pretty  experiment, 
by  which  you  may  see  the  carbon  in  wood. 
If  you  take  a piece  of  wood,  and  partly  burn 
it,  and  then  blow  it  out,  you  have  carbon  left. 
There  are  things  that  do  not  shew  carbon  in 
this  way.  A candle  does  not  shew  it,  but  it 
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contains  carbon.  Here  also  is  a jar  of  coal-gas, 
which  produces  carbonic  acid  abundantly.  You 
do  not  see  the  carbon,  but  we  can  soon  shew  it 
to  you.  I will  light  it,  and  as  long  as  there  is 
any  gas  in  this  cylinder  it  will  go  on  burning. 
You  see  no  carbon,  but  you  see  a flame;  and 
because  that  is  bright,  it  will  lead  you  to  guess 
that  there  is  carbon  in  the  flame.  But  I will 
shew  it  to  you  by  another  process.  I have 
some  of  the  same  gas  in  another  vessel,  mixed 
with  a body  that  will  burn  the  hydrogen  of  the 
gas,  but  will  not  burn  the  carbon.  I will  light 
them  with  a burning  taper,  and  you  perceive 
the  hydrogen  is  consumed,  but  not  the  carbon, 
which  is  left  behind  as  a dense  black  smoke.  I 
hope  that  by  these  three  or  four  experiments 
you  will  learn  to  see  when  carbon  present, 
and  understand  what  are  the  products  of  com- 
bustion, when  gas  or  other  bodies  are  thoroughly 
burned  in  the  air. 

Before  we  leave  the  subject  of  carbon,  let 
us  make  a few  experiments  and  remarks  upon 
its  wonderful  condition  as  respects  ordinary 
combustion.  I have  shewn  you  that  the  carbon 
in  burning  burns  only  as  a solid  body,  and  yet 
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you  perceive  that,  after  it  is  burned,  it  ceases 
to  be  a solid.  There  are  very  few  fuels  that 
act  like  this.  It  is,  in  fact,  only  that  great 
source  of  fuel,  the  carbonaceous  series,  the 
coals,  charcoals,  and  woods,  that  can  do  it. 
I do  not  know  that  there  is  any  other  ele- 
mentary substance  besides  carbon  that  burns 
with  these  conditions ; and  if  it  had  not  been 
so,  what  would  happen  to  us?  Suppose  all 
fuel  had  been  like  iron,  which,  when  it  burns, 
burns  into  a solid  substance.  We  could  not 
then  have  such  a combustion  as  you  have  in 
this  fire-place.  Here  also  is  another  kind  of 
fuel  which  burns  very  well — as  well  as,  if  not 
better,  than  carbon — so  well,  indeed,  as  to  take 
fire  of  itself  when  it  is  in  the  air,  as  you  see 
[breaking  a tub.e  full  of  lead  pyrophorus]. 
This  substance  is  lead,  and  you  see  how 
wonderfully  combustible  it  is.  It  is  very  much 
divided,  and  is  like  a heap  of  coals  in  the  fire- 
place; the  air  can  get  to  its  surface  and  inside, 
and  so  it  burns.  But  why  does  it  not  burn 
in  that  way  now,  when  it  is  lying  in'  a mass? 
[emptying  the  contents  of  the  tube  in  a heap 
on  to  a plate  of  iron].  Simply  because  the  air 
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cannot  get  to  it.  Though  it  can  produce  a 
great  heat,  the  great  heat  which  we  want  in 
our  furnaces  and  under  our  boilers,  still  that 
which  is  produced  cannot  get  away  from  the 
portion  which  remains  unburned  underneath, 
and  that  portion,  therefore,  is  prevented  from 
coming  in  contact  with  the  atmosphere,  and 
cannot  be  consumed.  How  different  is  that 
from  carbon.  Carbon  burns  just  in  the  same 
way  as  this  lead  does,  and  so  gives  an  intense 
fire  in  the  furnace,  or  wherever  you  choose  to 
burn  it ; but  then  the  body  produced  by  its 
combustion  passes  away,  and  the  remaining 
carbon  is  left  clear.  I shewed  you  how  carbon 
went  on  dissolving  in  the  oxygen,  leaving  no 
ash;  whereas  here  [pointing  to  the  heap  of 
pyrophorus]  we  have  actually  more  ash  than 
fuel,  for  it  is  heavier  by  the  amount  of  the 
oxygen  which  has  united  with  it.  Thus  you 
see  the  difference  between  carbon  and  lead  or 
iron:  if  we  choose  iron,  which  gives  so  wonderful 
a result  in  our  application  of  this  fuel,  either 
as  light  or  heat.  If,  when  the  carbon  burnt, 
the  product  went  off  as  a solid  body,  you 
would  have  had  the  room  filled  with  an  opaque 
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substance,  as  in  the  case  of  the  phosphorus; 
but  when  carbon  burns,  everything  passes  up 
into  the  atmosphere.  It  is  in  a fixed,  almost 
unchangeable  condition  before  the  combustion; 
but  afterwards  it  is  in  the  form  of  gas,  which 
it  is  very  difficult  (though  we  have  succeeded) 
to  produce  in  a solid  or  a liquid  state. 

Now,  I must  take  you  to  a very  interesting 
part  of  our  subject — to  the  relation  between 
the  combustion  of  a candle  and  that  living 
kind  of  combustion  which  goes  on  within  us. 
In  every  one  of  us  there  is  a living  process  of 
combustion  going  on  very  similar  to  that  of  a 
candle;  and  I must  try  to  make  that  plain  to 
you.  For  it  is  not  merely  true  in  a poetical 
sense — the  relation  of  the  life  of  man  to  a 
taper;  and  if  you  will  follow,  I think  I can 
make  this  clear.  In  order  to  make  the  relation 
very  plain,  I have  devised  a little  apparatus 
which  we  can  soon  build  up  before  you.  Here 
is  a board  and  a groove  cut  in  it,  and  I can 
close  the  groove  at  the  top  part  by  a little 
cover.  I can  then  continue  the  groove  as  a 
channel  by  a glass  tube  at  each  end,  there  being 
a free  passage  through  the  whole.  Suppose 
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I take  a taper  or  candle  (we  can  now  be 
liberal  in  our  use  of  the  word  “candle,”  since 
we  understand  what  it  means),  and  place  it 
in  one  of  the  tubes;  it  will  go  on,  you  see, 
burning  very  well.  You  observe  that  the  air 
which  feeds  the  flame  passes  down  the  tube 


at  one  end,  then  goes  along  the  horizontal 
tube,  and  ascends  the  tube  at  the  other  end 
in  which  the  taper  is  placed.  If  I stop  the 
aperture  through  which  the  air  enters,  I stop 
combustion,  as  you  perceive.  I stop  the  supply 
of  air,  and  consequently  the  candle  goes  out. 
But,  now,  what  will  you  think  of  this  fact? 
In  a former  experiment  I shewed  you  the  air 
going  from  one  burning  candle  to  a second 
candle.  If  I took  the  air  proceeding  from 
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another  candle,  and  sent  it  down  by  a com- 
plicated arrangement  into  this  tube,  I should 
put  this  burning  candle  out.  But  what  will 
you  say  when  I tell  you  that  my  breath  will 
put  out  that  candle?  I do  not  mean  by 
blowing  at  all,  but  simply  that  the  nature 
of  my  breath  is  such  that  a candle  cannot 
burn  in  it.  I will  now  hold  my  mouth  over 
the  aperture,  and  without  blowing  the  flame 
in  any  way,  let  no  air  enter  the  tube  but  what 
comes  from  my  mouth.  You  see  the  result. 
I did  not  blow  the  candle  out.  I merely  let 
the  air  which  I expired  pass  into  the  aperture, 
and  the  result  was  that  the  light  went  out  for 
want  of  oxygen,  and  for  no  other  reason. 
Something  or  other — namely,  my  lungs — had 
taken  away  the  oxygen  frcm  the  air,  and 
there  was  no  more  to  supply  the  combustion 
of  the  candle.  It  is,  I think,  very  pretty  to 
see  the  time  it  takes  before  the  bad  air  which 
I throw  into  this  part  of  the  apparatus  has 
reached  the  candle.  The  candle  at  first  goes 
on  burning,  but  so  soon  as  the  air  has  had 
time  to  reach  it,  it  goes  out.  And,  now,  I will 
shew  you  another  experiment,  because  this  is 
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an  important  part  of  our  philosophy.  Here  is 
a jar  which  contains  fresh  air,  as  you  can  see 
by  the  circumstance  of  a candle  or  gas-light 
burning  it.  I make  it  close  for  a little  time, 
and  by  means  of  a pipe  I get  my  mouth  over 
it  so  that  I can  inhale  the  air.  By  putting  it 
over  water,  in  the  way  that  you  see,  I am  able 


Fig.  33- 


to  draw  up  this  air  (supposing  the  cork  to 
be  quite  tight),  take  it  into  my  lungs,  and 
throw  it  back  into  the  jar.  We  can  then 
examine  it,  and  see  the  result.  You  observe, 
I first  take  up  the  air,  and  then  throw  it  back, 


ACTION  OF  THE  BREATH  ON  LIME-WATER . 1 77 

as  is  evident  from  the  ascent  and  descent  of 
the  water;  and  now,  by  putting  a taper  into 
the  air,  you  will  see  the  state  in  which  it  is, 
by  the  light  being  extinguished.  Even  one 
inspiration,  you  see,  has  completely  spoiled  this 
air,  so  that  it  is  no  use  my  trying  to  breathe 
it  a second  time.  Now,  you  understand  the 
ground  of  the  impropriety  of  many  of  the 
arrangements  among  the  houses  of  the  poorer 
classes,  by  which  the  air  is  breathed  over  and 
over  again,  for  the  want  of  a supply,  by  means 
of  proper  ventilation,  sufficient  to  produce  a 
good  result.  You  see  how  bad  the  air  becomes 
by  a single  breathing;  so  that  you  can  easily 
understand  how  essential  fresh  air  is  to  us. 

To  pursue  this  a little  further,  let  us  see  what 
will  happen  with  lime-water.  Here  is  a globe 
which  contains  a little  lime-water,  and  it  is  so 
arranged  as  regards  the  pipes,  as  to  give  access 
to  the  air  within,  so  that  we  can  ascertain  the 
effect  of  respired  or  unrespired  air  upon  it.  Of 
course,  I can  either  draw  in  air  (through  a),  and 
so  make  the  air  that  feeds  my  lungs  go  through 
the  lime-water,  or  I can  force  the  air  out  of  my 
lungs  through  the  tube  (b),  which  goes  to  the 
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bottom,  and  so  shew  its  effect  upon  the  lime- 
water.  You  will  observe  that,  however  long  I 
draw  the  external  air  into  the  lime-water,  and 
then  through  it  to  my  lungs,  I shall  produce  no 
effect  upon  the  water — it  will  not  make  the 
lime-water  turbid  ; but  if  I throw  the  air  from 
my  lungs  through  the  lime-water,  several  times 


Fig.  34- 


ill  succession,  you  see  how  white  and  milky 
the  water  is  getting,  shewing  the  effect  which 
expired  air  has  had  upon  it;  and  now  you  begin 
to  know  that  the  atmosphere  which  we  have 
spoiled  by  respiration  is  spoiled  by  carbonic 
acid,  for  you  see  it  here  in  contact  with  the 
lime-water. 

I have  here  two  bottles,  one  containing 
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lime-water  and  the  other  common  water,  and 
tubes  which  pass  into  the  bottles  and  connect 
them.  The  apparatus  is  very  rough,  but  it  is 


Fig-  35- 


useful  notwithstanding.  If  I take  these  two 
bottles,  inhaling  here  and  exhaling  there,  the 
arrangement  of  the  tubes  will  prevent  the  air 
going  backwards.  The  air  coming  in  will  go 
to  my  mouth  and  lungs,  and  in  going  out, 
will  pass  through  the  lime-water,  so  that  I can 
go  on  breathing  and  making  an  experiment, 
very  refined  in  its  nature,  and  very  good  in  its 
results.  You  will  observe  that  the  good  air 
has  done  nothing  to  the  lime-water ; in  the 
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other  case  nothing  has  come  to  the  lime-water 
but  my  respiration,  and  you  see  the  difference 
in  the  two  cases. 

Let  us  now  go  a little  further.  What  is 
all  this  process  going  on  within  us  which 
we  cannot  do  without,  either  day  or  night, 
which  is  so  provided  for  by  the  Author  of 
all  things  that  He  has  arranged  that  it  shall 
be  independent  of  all  will?  If  we  restrain 
our  respiration,  as  we  can  to  a certain  extent, 
we  should  destroy  ourselves.  When  we  are 
asleep,  the  organs  of  respiration,  and  the  parts 
that  are  associated  with  them,  still  go  on 
with  their  action — so  necessary  is  this  process 
of  respiration  to  us,  this  contact  of  the  air  with 
the  lungs.  I must  tell  you,  in  the  briefest 
possible  manner,  what  this  process  is.  We 
consume  food : the  food  goes  through  that 
strange  set  of  vessels  and  organs  within  us, 
and  is  brought  into  various  parts  of  the 
system,  into  the  digestive  parts  especially; 
and  alternately  the  portion  which  is  so  changed 
is  carried  through  our  lungs  by  one  set  of 
vessels,  while  the  air  that  we  inhale  and 
exhale  is  drawn  into  and  thrown  out  of  the 
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lungs  by  another  set  of  vessels,  so  that  the 
air  and  the  food  come  close  together,  separated 
only  by  an  exceedingly  thin  surface : the  air 
can  thus  act  upon  the  blood  by  this  process, 
producing  precisely  the  same  results  in  kind  as 
we  have  seen  in  the  case  of  the  candle.  The 
candle  combines  with  parts  of  the  air,  forming 
carbonic  acid,  and  evolves  heat ; so  in  the 
lungs  there  is  this  curious,  wonderful  change 
taking  place.  The  air  entering,  combines  with 
the  carbon  (not  carbon  in  a free  state,  but,  as 
in  this  case,  placed  ready  for  action  at  the 
moment),  and  makes  carbonic  acid,  and  is  so 
thrown  out  into  the  atmosphere,  and  thus  this 
singular  result  takes  place:  we  may  thus  look 
upon  the  food  as  fuel.  Let  me  take  that  piece 
of  sugar,  which  will  serve  my  purpose.  It  is  a 
compound  of  carbon,  hydrogen,  and  oxygen, 
similar  to  a candle,  as  containing  the  same 
elements,  though  not  in  the  same  proportion — 
the  proportions  being  as  shewn  in  this  table: — 


Sugar. 


Carbon, 
Hydrogen, 
Oxygen  . 
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This  is,  indeed,  a very  curious  thing,  which 
you  can  well  remember,  for  the  oxygen  and 
hydrogen  are  in  exactly  the  proportions  which 
form  water,  so  that  sugar  may  be  said  to  be 
compounded  of  72  parts  of  carbon  and  99  parts 
of  water;  and  it  is  the  carbon  in  the  sugar  that 
combines  with  the  oxygen  carried  in  by  the 
air  in  the  process  of  respiration — so  making  us 
like  candles — producing  these  actions,  warmth, 
and  far  more  wonderful  results  besides,  for  the 
sustenance  of  the  system,  by  a most  beautiful 
and  simple  process.  To  make  this  still  more 
striking,  I will  take  a little  sugar;  or,  to  hasten 
the  experiment,  I will  use  some  syrup,  which 
contains  about  three-fourths  of  sugar  and  a 
little  water.  If  I put  a little  oil  of  vitriol  on 
it,  it  takes  away  the  water,  and  leaves  the 
carbon  in  a black  mass.  [The  Lecturer  mixed 
the  two  together.]  You  see  how  the  carbon 
is  coming  out,  and  before  long  we  shall  have 
a solid  mass  of  charcoal,  all  of  which  has 
come  out  of  sugar.  Sugar,  as  you  know,  is 
food,  and  here  we  have  absolutely  a solid 
lump  of  carbon  where  you  would  not  have 
expected  it.  And  if  I make  arrangements  so 
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as  to  oxidize  the  carbon  of  sugar,  we  shall 
have  a much  more  striking  result.  Here  is 
sugar,  and  I have  here  an  oxidizer — a quicker 
one  than  the  atmosphere;  and  so  we  shall 
oxidize  this  fuel  by  a process  different  from 
respiration  in  its  form,  though  not  different 
in  its  kind.  It  is  the  combustion  of  the 
carbon  by  the  contact  of  oxygen  which  the 
body  has  supplied  to  it.  If  I set  this  into 
action  at  once,  you  will  see  combustion  pro- 
duced. Just  what  occurs  in  my  lungs — taking 
in  oxygen  from  another  source,  namely,  the 
atmosphere — takes  place  here  by  a more  rapid 
process. 

You  will  be  astonished  when  I tell  you  what 
this  curious  play  of  carbon  amounts  to.  A 
candle  will  burn  some  four,  five,  six,  or  seven 
hours.  What,  then,  must  be  the  daily  amount 
of  carbon  going  up  into  the  air  in  the  way 
of  carbonic  acid  ! What  a quantity  of  carbon 
must  go  from  each  of  us  in  respiration!  What 
a wonderful  change  of  carbon  must  take  place 
under  these  circumstances  of  combustion  or 
respiration!  A man  in  twenty-four  hours 
converts  as  much  as  seven  ounces  of  carbon 
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into  carbonic  acid;  a milch  cow  will  convert 
seventy  ounces,  and  a horse  seventy-nine  ounces, 
solely  by  the  act  of  respiration.  That  is,  the 
horse  in  twenty-four  hours  burns  seventy-nine 
ounces  of  charcoal,  or  carbon,  in  his  organs 
of  respiration,  to  supply  his  natural  warmth 
in  that  time.  All  the  warm-blooded  animals 
get  their  warmth  in  this  way,  by  the  conver- 
sion of  carbon,  not  in  a free  state,  but  in  a 
state  of  combination.  And  what  an  extra- 
ordinary notion  this  gives  us  of  the  alterations 
going  on  in  our  atmosphere.  As  much  as 
5,000,000  pounds,  or  548  tons,  of  carbonic  acid 
is  formed  by  respiration  in  London  alone  in 
twenty-four  hours.  And  where  does  all  this 
go?  Up  into  the  air.  If  the  carbon  had  been 
like  the  lead  which  I shewed  you,  or  the  iron 
which,  in  burning,  produces  a solid  substance, 
what  would  happen  ? Combustion  could  not 
go  on.  As  charcoal  burns,  it  becomes  a vapour 
and  passes  off  into  the  atmosphere,  which  is  the 
great  vehicle,  the  great  carrier  for  conveying  it 
away  to  other  places.  Then,  what  becomes  of 
it?  Wonderful  is  it  to  find  that  the  change 
produced  by  respiration,  which  seems  so 
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injurious  to  us  (for  we  cannot  breathe  air 
twice  over),  is  the  very  life  and  support  of 
plants  and  vegetables  that  grow  upon  the 
surface  of  the  earth.  It  is  the  same  also 
under  the  surface,  in  the  great  bodies  of 
water;  for  fishes  and  other  animals  respire 
upon  the  same  principle,  though  not  exactly 
by  contact  with  the  open  air. 

Such  fish  as  I have  here  [pointing  to  a 
globe  of  gold-fish]  respire  by  the  oxygen  which 
is  dissolved  from  the  air  by  the  water,  and 
form  carbonic  acid;  and  they  all  move  about 
to  produce  the  one  great  work  of  making 
the  animal  and  vegetable  kingdoms  subser- 
vient to  each  other.  And  all  the  plants 
growing  upon  the  surface  of  the  earth,  like 
that  which  I have  brought  here  to  serve  as 
an  illustration,  absorb  carbon.  These  leaves  are 
taking  up  their  carbon  from  the  atmosphere, 
to  which  we  have  given  it  in  the  form  of 
carbonic  acid,  and  they  are  growing  and 
prospering.  Give  them  a pure  air  like  ours, 
and  they  could  not  live  in  it;  give  them  carbon 
with  other  matters,  and  they  live  and  rejoice. 
This  piece  of  wood  gets  all  its  carbon,  as  the 
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trees  and  plants  get  theirs,  from  the  atmo- 
sphere, which,  as  we  have  seen,  carries  away 
what  is  bad  for  us  and  at  the  same  time  good 
for  them, — what  is  disease  to  the  one  being 
health  to  the  other.  So  are  we  made  de- 
pendent, not  merely  upon  our  fellow-creatures, 
but  upon  our  fellow-existers,  all  Nature  being 
tied  together  by  the  laws  that  make  one  part 
conduce  to  the  good  of  another. 

There  is  another  little  point  which  I must 
mention  before  we  draw  to  a close — a point 
which  concerns  the  whole  of  these  operations, 
and  most  curious  and  beautiful  it  is  to  see  it 
clustering  upon  and  associated  with  the  bodies 
that  concern  us — oxygen,  hydrogen,  and  carbon, 
in  different  states  of  their  existence.  I shewed 
you  just  now  some  powdered  lead,  which  I set 
burning  (l8) ; and  you  saw  that  the  moment 
the  fuel  was  brought  to  the  air,  it  acted,  even 
before  it  got  out  of  the  bottle — the  moment 
the  air  crept  in,  it  acted.  Now,  there  is  a 
case  of  chemical  affinity  by  which  all  our 
operations  proceed.  When  we  breathe,  the 
same  operation  is  going  on  within  us.  When 
we  burn  a candle,  the  attraction  of  the  dif- 
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ferent  parts  one  to  the  other  is  going  on. 
Here  it  is  going  on  in  this  case  of  the  lead; 
and  it  is  a beautiful  instance  of  chemical 
affinity.  If  the  products  of  combustion  rose 
off  from  the  surface,  the  lead  would  take  fire, 
and  go  on  burning  to  the  end ; but  you 
remember  that  we  have  this  difference  between 
charcoal  and  lead — that,  while  the  lead  can 
start  into  action  at  once,  if  there  be  access 
of  air  to  it,  the  carbon  will  remain  days, 
weeks,  months,  or  years.  The  manuscripts  of 
Herculaneum  were  written  with  carbonaceous 
ink,  and  there  they  have  been  for  1,800  years 
or  more,  not  having  been  at  all  changed  by 
the  atmosphere,  though  coming  in  contact 
with  it  under  various  circumstances.  Now, 
what  is  the  circumstance  which  makes  the 
lead  and  carbon  differ  in  this  respect?  It  is 
a striking  thing  to  see  that  the  matter  which 
is  appointed  to  serve  the  purpose  of  fuel  waits 
in  its  action : it  does  not  start  off  burning, 
like  the  lead  and  many  other  things  that  I 
could  shew  you,  but  which  I have  not  encum- 
bered the  table  with ; but  it  waits  for  action. 
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This  waiting  is  a curious  and  wonderful  thing. 
Candles — those  Japanese  candles,  for  instance 
— do  not  start  into  action  at  once,  like  the 
lead  or  iron  (for  iron  finely  divided  does  the 
same  thing  as  lead),  but  there  they  wait  for 
years,  perhaps  for  ages,  without  undergoing 
any  alteration.  I have  here  a supply  of  coal- 
gas.  The  jet  is  giving  forth  the  gas,  but  you 
see  it  does  not  take  fire — it  comes  out  into  the 
air,  but  it  waits  till  it  is  hot  enough  before  it 
burns.  If  I make  it  hot  enough,  it  takes  fire. 
If  I blow  it  out,  the  gas  that  is  issuing  forth 
waits  till  the  light  is  applied  to  it  again.  It 
is  curious  to  see  how  different  substances 
wait — how  some  will  wait  till  the  temperature 
is  raised  a little,  and  others  till  it  is  raised  a 
good  deal.  I have  here  a little  gunpowder 
and  some  gun-cotton;  even  these  things  differ 
in  the  conditions  under  which  they  will  burn. 
The  gunpowder  is  composed  of  carbon  and 
other  substances,  making  it  highly  combustible; 
and  the  gun-cotton  is  another  combustible  pre- 
paration. They  are  both  waiting,  but  they  will 
start  into  activity  at  different  degrees  of  heat, 
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or  under  different  conditions.  By  applying  a 
heated  wire  to  them,  we  shall  see  which  will 
start  first  [touching  the  gun-cotton  with  the 
hot  iron].  You  see  the  gun-cotton  has  gone 
off,  but  not  even  the  hottest  part  of  the  wire 
is  now  hot  enough  to  fire  the  gunpowder. 
How  beautifully  that  shews  you  the  difference 
in  the  degree  in  which  bodies  act  in  this  way! 
In  the  one  case  the  substance  will  wait  any 
time  until  the  associated  bodies  are  made 
active  by  heat ; but  in  the  other,  as  in  the 
process  of  respiration,  it  waits  no  time.  In 
the  lungs,  as  soon  as  the  air  enters,  it  unites 
with  the  carbon ; even  in  the  lowest  tem- 
perature which  the  body  can  bear  short  of 
being  frozen,  the  action  begins  at  once,  pro- 
ducing the  carbonic  acid  of  respiration : and 
so  all  things  go  on  fitly  and  properly.  Thus 
you  see  the  analogy  between  respiration  and 
combustion  is  rendered  still  more  beautiful  and 
striking.  Indeed,  all  I can  say  to  you  at  the 
end  of  these  lectures  (for  we  must  come  to  an 
end  at  one  time  or  other)  is  to  express  a wish 
that  you  may,  in  your  generation,  be  fit  to 
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compare  to  a candle;  that  you  may,  like  it, 
shine  as  lights  to  those  about  you;  that,  in 
all  your  actions,  you  may  justify  the  beauty 
of  the  taper  by  making  your  deeds  honour- 
able and  effectual  in  the  discharge  of  your 
duty  to  your  fellow-men. 


LECTURE  ON  PLATINUM. 


[. Delivered  before  the  Royal  Institution,  on  Friday , 


HETHER  I was  to  have  the  honour 


of  appearing  before  you  this  evening 
or  not,  seemed  to  be  doubtful  upon  one  or 
two  points.  One  of  these  I will  mention 
immediately ; the  other  may  or  may  not 
appear  during  the  course  of  the  hour  that 
follows.  The  first  point  is  this.  When  I was 
tempted  to  promise  this  subject  for  your 
attention  this  evening,  it  was  founded  upon  a 
promise,  and  a full  intent  of  performing  that 
promise,  on  the  part  of  my  friend  Deville,  of 
Paris,  to  come  here  to  shew  before  you 
a phenomenon  in  metallurgic  chemistry  not 
common.  In  that  I have  been  disappointed. 
His  intention  was  to  have  fused  here  some 
thirty  or  forty  pounds  of  platinum,  and  so  to 
have  made  manifest,  through  my  mouth  and 
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my  statement,  the  principles  of  a new  process 
in  metallurgy,  in  relation  to  this  beautiful, 
magnificent,  and  valuable  metal ; but  circum- 
stances over  which  neither  he  nor  I,  nor 
others  concerned,  have  sufficient  control,  have 
prevented  the  fulfilment  of  that  intention;  and 
the  period  at  which  I learned  the  fact  was  so 
recent,  that  I could  hardly  leave  my  place 
here  to  be  filled  by  another,  or  permit  you, 
who  in  your  kindness  have  come  to  hear  what 
might  be  said,  to  remain  unreceived  in  the 
best  manner  possible  to  me  under  the  circum- 
stances. I therefore  propose  to  state,  as  well 
as  I can,  what  the  principles  are  on  which 
M.  Deville  proceeds,  by  means  of  drawings, 
and  some  subordinate  or  inferior  experiments. 

The  metal  platinum,  of  which  you  see  some 
very  fine  specimens  on  the  table,  has  been 
known  to  us  about  a hundred  years.  It  has 
been  wrought  in  a beautiful  way  in  this 
country,  in  France,  and  elsewhere,  and  sup- 
plied to  the  consumer  in  ingots  of  this  kind, 
or  in  plates,  such  as  we  have  here,  or  in 
masses,  that  by  their  very  fall  upon  the  table 
indicate  the  great  weight  of  the  substance, 


METALS  ASSOCIATED  WITH  PLATINUM.  1 93 

which  is,  indeed,  nearly  at  the  head  of  all 
substances  in  that  respect.  This  substance 
has  been  given  to  us  hitherto  mainly  through 
the  philosophy  of  Dr.  Wollaston,  whom  many 
of  us  know,  and  it  is  obtained  in  great  purity 
and  beauty.  It  is  a very  remarkable  metal  in 
many  points,  besides  its  known  special  uses. 
It  usually  comes  to  us  in  grains.  Here  is  a 
very  fine  specimen  of  native  platinum  in  grains. 
Here  is  also  a nugget  or  ingot,  and  here  are 
some  small  pieces  gathered  out  of  certain 
alluvial  soils  in  Brazil,  Mexico,  California,  and 
the  Uralian  districts  of  Russia. 

It  is  strange  that  this  metal  is  almost  always 
found  associated  with  some  four  or  five  other 
metals,  most  curious  in  their  qualities  and 
characteristics.  They  are  called  platiniferous 
metals  ; and  they  have  not  only  the  relation  of 
being  always  found  associated  in  this  manner, 
but  they  have  other  relations  of  a curious 
nature,  which  I shall  point  out  to  you  by  a 
reference  to  one  of  the  tables  behind  me.  This 
substance  is  always  native — it  is  always  in  the 
metallic  state;  and  the  metals  with  which  it  is 
found  connected,  and  which  are  rarely  found 
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elsewhere,  are  palladium,  rhodium,  iridium, 
osmium,  and  ruthenium.  We  have  the  names 
in  one  of  the  tables  arranged  in  two  columns, 
representing,  as  you  see,  two  groups — platinum, 
iridium,  and  osmium  constituting  one  group; 
and  ruthenium,  rhodium,  and  palladium  the 
other.  Three  of  these  have  the  chemical 
equivalent  of  98 J,  and  the  others  a chemical 
equivalent  of  about  half  that  number.  Then 
the  metals  of  one  group  have  an  extreme 
specific  gravity — platinum  being,  in  fact,  the 
lightest  of  the  three,  or  as  light  as  the  lightest. 
Osmium  has  a specific  gravity  of  21.4,  and 
is  the  heaviest  body  in  nature ; platinum  is 
21.15,  and  iridium  the  same;  the  specific 
gravity  of  the  other  three  being  only  about 
half  that,  namely,  1 1.3,  12.1,  and  11.8.  Then 
there  is  this  curious  relation,  that  palladium 
and  iridium  are  very  much  alike,  so  that  you 
would  scarcely  know  one  from  the  other, 
though  one  has  only  half  the  weight  of  the 
other,  and  only  half  the  equivalent  power. 
So  with  iridium  and  rhodium,  and  osmium 
and  ruthenium,  which  are  so  closely  allied 
that  they  make  pairs,  being  separated  each 
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from  its  own  group.  Then  these  metals  are 
the  most  infusible  that  we  possess.  Osmium 
is  the  most  difficult  to  fuse : indeed,  I believe 
it  never  has  been  fused,  while  every  other 
metal  has.  Ruthenium  comes  next,  iridium 
next,  rhodium  next,  platinum  next  (so  that  it 
ranks  here  as  a pretty  fusible  metal,  and  yet 
we  have  been  long  accustomed  to  speak  of 
the  infusibility  of  platinum),  and  next  comes 
palladium,  which  is  the  most  fusible  metal  of 
the  whole.  It  is  a curious  thing  to  see  this 
fine  association  of  physical  properties  coming 
out  in  metals  which  are  grouped  together 
somehow  or  other  in  nature,  but,  no  doubt, 
by  causes  which  are  related  to  analogous  pro- 
perties in  their  situation  on  the  surface  of  the 
earth,  for  it  is  in  alluvial  soils  that  these 
things  are  found. 

Now,  with  regard  to  this  substance,  let  me 
tell  you  briefly  how  we  get  it.  The  process 
used  to  be  this.  The  ore  which  I shewed  you 
just  now  was  taken,  and  digested  in  nitro- 
muriatic  acid  of  a certain  strength,  and  partly 
converted  into  a solution,  with  the  leaving 

behind  of  certain  bodies  that  I have  upon  the 
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table.  The  platinum  being  dissolved  with 
care  in  acids,  to  the  solution  the  muriate  of 
ammonia  was  added,  as  I am  about  to  add  it 
here.  A yellow  precipitate  was  then  thrown 
down,  as  you  perceive  is  the  case  now ; and 
this,  carefully  washed  and  cleansed,  gave  us 
that  body  [pointing  to  a specimen  of  the  chlo- 
ride of  platinum  and  ammonium],  the  other 
elements,  or  nearly  all,  being  ejected.  This 
substance  being  heated,  gave  us  what  we  call 
platinum  sponge,  or  platinum  in  the  metallic 
state,  so  finely  divided  as  to  form  a kind  of 
heavy  mass  or  sponge,  which,  at  the  time  that 
Dr.  Wollaston  first  sent  it  forth,  was  not 
fusible  for  the  market  or  in  the  manufac- 
turers’ workshops,  inasmuch  as  the  temperature 
required  was  so  high,  and  there  were  no 
furnaces  that  could  bring  the  mass  into  a 
globule,  and  cause  the  parts  to  adhere  together. 
Most  of  our  metals  that  we  obtain  from 
nature,  and  work  in  our  shops,  are  brought 
at  last  into  a mass  by  fusion.  I am  not 
aware  that  there  is  in  the  arts  or  sciences 
any  other  than  iron  which  is  not  so.  Soft 

iron  we  do  not  bring  together  by  fusion,  but 
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by  a process  which  is  analogous  to  the  one 
that  was  followed  in  the  case  of  platinum, 
namely,  welding ; for  these  divided  grains  of 
spongy  platinum  having  been  well  washed  and 
sunk  in  water  for  the  purpose  of  excluding 
air,  and  pressed  together,  and  heated,  and 
hammered,  and  pressed  again,  until  they  come 
into  a pretty  close,  dense,  compact  mass,  did 
so  cohere,  that  when  the  mass  was  put  into 
the  furnace  of  charcoal,  and  raised  to  a high 
temperature,  the  particles,  at  first  infinitely 
divided — for  they  were  chemically  divided — 
adhered  the  one  to  the  other,  each  to  all  the 
rest,  until  they  made  that  kind  of  substance 
which  you  see  here,  which  will  bear  rolling 
and  expansion  of  every  kind.  No  other  pro- 
cess than  that  has  hitherto  been  adopted  for 
the  purpose  of  obtaining  this  substance  from 
the  particles  by  solution,  precipitation,  ignition,, 
and  welding.  It  certainly  is  a very  fine  thing 
to  see  that  we  may  so  fully  depend  upon  the 
properties  of  the  various  substances  we  have 
to  deal  with ; that  we  can,  by  carrying  out 
our  processes,  obtain  a material  like  this, 
allowing  of  division  and  extension  under  a 
rolling  mill — a material  of  the  finest  possible 
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kind,  the  parts  being  held  together,  not  with 
interstices,  not  with  porosity,  but  so  continuous 
that  no  fluids  can  pass  between  them  ; and, 
as  Dr.  Wollaston  beautifully  shewed,  a globule 
of  platinum  fused  by  the  voltaic  battery  and 
the  oxy-hydrogen  blowpipe,  when  drawn  into 
a wire,  was  not  sounder  or  stronger  than 
this  wire  made  by  the  curious  coalescence  of 
the  particles  by  the  sticking  power  that  they 
had  at  high  temperatures.  This  is  the  pro- 
cess adopted  by  Messrs.  Johnson  and  Matthey, 
to  whose  great  kindness  I am  indebted  for 
these  ingots  and  for  the  valuable  assistance  I 
have  received  in  the  illustrations. 

The  treatment,  however,  that  I have  to  bring 
before  you  is  of  another  kind;  and  it  is  in  the 
hope  that  we  shall  be  able  before  long  to  have 
such  a thing  as  the  manufacture  of  platinum 
of  this  kind,  that  I am  encouraged  to  come 
before  you,  and  tell  you  how  far  Deville  has 
gone  in  the  matter,  and  to  give  you  illustrations 
of  the  principles  on  which  he  proceeds.  I 
think  it  is  but  fair  that  you  should  see  an 
experiment  shewing  you  the  way  in  which  we 
get  the  adhesion  of  platinum.  Probably  you 
all  know  of  the  welding  of  iron  : you  go  into 
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the  smith’s  shop,  and  you  see  him  put  the 
handle  of  a poker  on  to  the  stem,  and  by  a 
little  management  and  the  application  of  heat 
he  makes  them  one.  You  have  no  doubt 
seen  him  put  the  iron  into  the  fire  and 
sprinkle  a little  sand  upon  it.  He  does  not 
know  the  philosophy  he  calls  into  play  when 
he  sprinkles  a little  sand  over  the  oxide  of 
iron,  but  he  has  a fine  philosophy  there,  or 
practises  it,  when  he  gets  his  welding.  I can 
shew  you  here  this  beautiful  circumstance  of 
the  sticking  together  of  the  particles  up  to  the 
fullest  possible  intensity  of  their  combination. 
If  you  were  to  go  into  the  workshops  of  Mr. 
Matthey,  and  see  them  hammering  and  welding 
away,  you  would  see  the  value  of  the  experi- 
ment I am  about  to  shew  you.  I have  here 
some  platinum-wire.  This  is  a metal  which 
resists  the  action  of  acids,  resists  oxidation  by 
heat,  and  change  of  any  sort ; and  which, 
therefore,  I may  heat  in  the  atmosphere  with- 
out any  flux.  I bend  the  wire  so  as  to  make 
the  ends  cross : these  I make  hot  by  means 
of  the  blowpipe,  and  then,  by  giving  them  a 
tap  with  a hammer,  I shall  make  them  into 
one  piece*  Now  that  the  pieces  are  united,  I 
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shall  have  great  difficulty  in  pulling  them  apart, 
though  they  are  joined  only  at  the  point  where 
the  two  cylindrical  surfaces  came  together.  And 
now  I have  succeeded  in  pulling  the  wire  apart, 
the  division  is  not  at  the  point  of  welding,  but 
where  the  force  of  the  pincers  has  cut  it,  so  that 
the  junction  we  have  effected  is  a complete  one. 
This,  then,  is  the  principle  of  the  manufacture 
and  production  of  platinum  in  the  old  way. 

The  treatment  which  Deville  proposes  to 
carry  out,  and  which  he  has  carried  out  to  a 
rather  large  extent  in  reference  to  the  Russian 
supply  of  platinum,  is  one  altogether  by  heat, 
having  little  or  no  reference  to  the  use  of  acids. 
That  you  may  know  what  the  problem  is,  look 
at  this  table,  which  gives  you  the  composition 
of  such  a piece  of  platinum  ore  as  I shewed 
you  just  now.  Wherever  it  comes  from,  the 
composition  is  as  complicated,  though  the 
proportions  vary: — 


Platinum,  . . . . . .76.4 

Iridium,  . . . . . . . 4.3 

Rhodium,  . , . . . . 0.3 

Palladium,  . , , . . . 1.4 

Gold,  . . , . . , . 0.4 

Copper, 4. 1 

Iron, 1 1. 7 

Osmide  of  Iridium, 0.5 

Sand,  1.4 


100.5 
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This  refers  to  the  Uralian  ore.  In  that  state 
of  combination,  as  shewn  in  the  table,  the 
iridium  and  osmium  are  found  combined  in 
crystals,  sometimes  to  the  amount  of  0.5  per 
cent.,  and  sometimes  3 or  4 per  cent.  Now, 
this  Deville  proposes  to  deal  with  in  the  dry 
way,  in  the  place  of  dealing  with  it  by  any  acid. 

I have  here  another  kind  of  platinum;  and  I 
shew  it  to  you  for  this  reason.  The  Russian 
Government,  having  large  stores  of  platinum  in 
their  dominions,  have  obtained  it  in  a metallic 
state,  and  worked  it  into  coin.  The  coin  I have 
in  my  hand  is  a twelve  silver  rouble  piece. 
The  rouble  is  worth  three  shillings,  and  this 
coin  is,  therefore,  of  the  value  of  thirty-six 
shillings.  The  smaller  coin  is  worth  half  that 
sum;  and  the  other,  half  of  that.  The  metal, 
however,  is  unfit  for  coinage.  When  you  have 
the  two  metals,  gold  and  silver,  used  for 
coinage,  you  have  a little  confusion  in  the 
value  of  the  two  in  the  market;  but  when  you 
have  three  precious  metals  (for  you  may  call 
platinum  a precious  metal)  worked  into  coin, 
they  will  be  sure  to  run  counter  to  one  another. 
Indeed,  the  case  did  happen,  that  the  price  of 
platinum  coin  fixed  by  the  Government  was 
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such*  that  it  was  worth  while  to  purchase 
platinum  in  other  countries,  and  make  coin  of 
it,  and  then  take  it  into  that  country  and 
circulate  it.  The  result  was,  that  the  Russian 
Government  stopped  the  issue.  The  com- 
position of  this  coin  is — platinum,  97.0;  iridium, 
1.2;  rhodium,  0.5;  palladium,  0.25;  a little 
copper,  and  a little  iron.  It  is,  in  fact,  bad 
platinum:  it  scales,  and  it  has  an  unfitness  for 
commercial  use  and  in  the  laboratory,  which 
the  other  well-purified  platinum  has  not.  It 
wants  working  over  again. 

Now,  Deville’s  process  depends  upon  three 
points, — upon  intense  heat,  blowpipe  action, 
and  the  volatility  of  certain  metals.  We 
know  that  there  are  plenty  of  metals  that 
are  volatile;  but  this,  I think,  is  the  first 
time  that  it  has  been  proposed  to  use  the 
volatility  of  certain  metals — such  as  gold  and 
palladium — for  the  purpose  of  driving  them  off 
and  leaving  something  else  behind.  He  counts 
largely  upon  the  volatility  of  metals  which  we 
have  not  been  in  the  habit  of  considering 
volatile,  but  which  we  have  rather  looked 
upon  as  fixed  ; and  I must  endeavour  to 
illustrate  these  three  points  by  a few  expert 
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ments.  Perhaps  I can  best  shew  you  what  is 
required  in  the  process  of  heating  platinum 
by  using  that  source  of  heat  which  we  have 
here,  and  which  seems  to  be  almost  illimitable 
— namely,  the  voltaic  battery  ; for  it  is  only 
in  consequence  of  the  heat  that  the  voltaic 
battery  affects  the  platinum.  By  applying 
the  two  extremities  of  the  battery  to  this 
piece  of  platinum  - wire,  you  will  see  what 
result  we  shall  obtain.  You  perceive  that  we 
can  take  about  this  heating  agent  wherever  we 
like,  and  deal  with  it  as  we  please,  limiting  it 
in  any  way.  I am  obliged  to  deal  carefully 
with  it;  but  even  that  circumstance  will  have 
an  interest  for  you  in  watching  the  experiment. 
Contact  is  now  made.  The  electric  current, 
when  compressed  into  thin  conducting-wires 
offering  resistance,  evolves  heat  to  a large 
extent;  and  this  is  the  power  by  which  we 
work.  You  see  the  intense  glow  immediately 
imparted  to  the  wire;  and  if  I applied  the  heat 
continuously,  the  effect  of  the  current  would 
be  to  melt  the  wire.  As  soon  as  the  contact 
is  broken,  the  wire  resumes  its  former  appear- 
ance; and  now  that  we  make  contact  again,  you 
perceive  the  glow  as  before.  [The  experiment 
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was  repeated  several  times  in  rapid  succession.] 
You  can  see  a line  of  light,  though  you  can 
scarcely  perceive  the  wire ; and  now  that  it 
has  melted  with  the  great  heat,  if  you  examine 
it,  you  will  perceive  that  it  is  indeed  a set  of 
irregularities  from  end  to  end — a set  of  little 
spheres,  which  are  strung  upon  an  axis  of 
platinum  running  through  it.  It  is  that  wire 
which  Mr.  Grove  described  as  being  produced 
at  the  moment  when  fusion  of  the  whole  mass 
is  commencing.  In  the  same  manner,  if  I take 
a tolerably  thick  piece  of  platinum,  and  subject 
it  to  the  heat  that  can  be  produced  by  this 
battery,  you  will  see  the  brilliancy  of  the  effect 
produced.  I shall  put  on  a pair  of  spectacles 
for  the  experiment,  as  there  is  an  injurious 
effect  of  the  voltaic  spark  upon  the  eyes,  if  the 
action  is  continued ; and  it  is  neither  policy  nor 
bravery  to  subject  any  organ  to  unnecessary 
danger;  and  I want,  at  all  events,  to  keep  the 
full  use  of  my  eyes  to  the  end  of  the  lecture. 

You  now  see  the  action  of  the  heat  upon 
the  piece  of  platinum — heat  so  great  as  to 
break  in  pieces  the  plate  on  which  the  drops 
of  metal  fall.  You  perceive,  then,  that  we  have 
sufficiently  powerful  sources  of  heat  in  nature 
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to  deal  with  platinum.  I have  here  an  appa- 
ratus by  which  the  same  thing  can  be  shewn. 
Here  is  a piece  of  platinum,  which  is  put  into  a 
crucible  of  carbon  made  at  the  end  of  one  pole 
of  the  battery,  and  you  will  see  the  brilliant 
light  that  will  be  produced.  There  is  our 
furnace,  and  the  platinum  is  rapidly  getting 
heated ; and  now  you  perceive  that  it  is  melted, 
and  throwing  off  little  particles.  What  a mag- 
nificent philosophical  instrument  this  is.  When 
you  look  at  the  result,  which  is  lying  upon  the 
charcoal,  you  will  see  a beautifully  fused  piece 
of  platinum.  It  is  now  a fiery  globule,  with  a 
surface  so  bright,  and  smooth,  and  reflecting, 
that  I cannot  tell  whether  it  is  transparent,  or 
opaque,  or  what.  This,  then,  will  give  you  an 
idea  of  what  has  to  be  done  by  any  process 
that  pretends  to  deal  with  thirty,  or  forty,  or 
fifty  pounds  of  platinum  at  once. 

Let  me  now  tell  you  briefly  what  Deville 
proposes  to  do.  First  of  all,  he  takes  this  ore, 
with  its  impurities,  and  mixes  it  (as  he  finds 
it  essential  and  best)  with  its  own  weight  of 
sulphuret  of  lead — lead  combined  with  sulphur. 
Both  the  lead  and  the  sulphur  are  wanted;  for 
the  iron  that  is  there  present,  as  you  see  by  the 


20  6 


LECTURE  ON  PLATINUM. 


table,  is  one  of  the  most  annoying  substances  in 
the  treatment  that  you  can  imagine,  because 
it  is  not  volatile;  and  while  the  iron  remains 
adhering  to  the  platinum,  the  platinum  will 
not  flow  readily.  It  cannot  be  sent  away  by 
a high  temperature — sent  into  the  atmosphere 
so  as  to  leave  the  platinum  behind.  Well,  then, 
a hundred  parts  of  ore  and  a hundred  parts 
of  sulphuret  of  lead,  with  about  fifty  parts  of 
metallic  lead,  being  all  mingled  together  in  a 
crucible,  the  sulphur  of  the  sulphuret  takes  the 
iron,  the  copper,  and  some  of  the  other  metals 
and  impurities,  and  combines  with  them  to  form 
a slag;  and  as  it  goes  on  boiling  and  oxidising, 
it  carries  off  the  iron,  and  so  a great  cleansing 
takes  place. 

Now,  you  ought  to  know  that  these  metals, 
such  as  platinum,  iridium,  and  palladium,  have 
a strong  affinity  for  such  metals  as  lead  and  tin, 
and  upon  this  a great  deal  depends.  Very 
much  depends  upon  the  platinum  throwing  out 
its  impurities  of  iron  and  so  forth,  by  being 
taken  up  with  the  lead  present  in  it.  That 
you  may  have  a notion  of  the  great  power  that 
platinum  has  of  combining  with  other  metals, 
I will  refer  you  to  a little  of  the  chemist’s 
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experience — his  bad  experience.  He  knows 
very  well  that  if  he  takes  a piece  of  platinum- 
foil,  and  heats  a piece  of  lead  upon  it,  or  if  he 
takes  a piece  of  platinum-foil,  such  as  we  have 
here,  and  heats  things  upon  it  that  have  lead 
in  them,  his  platinum  is  destroyed.  I have 
here  a piece  of  platinum,  and  if  I apply  the 
heat  of  the  spirit-lamp  to  it,  in  consequence 
of  the  presence  of  this  little  piece  of  lead  which 
I will  place  on  it,  I shall  make  a hole  in  the 
metal.  The  heat  of  the  lamp  itself  would  do 
no  harm  to  the  platinum,  nor  would  other 
chemical  means  ; but  because  there  is  a little 
lead  present,  and  there  is  an  affinity  between 
the  two  substances,  the  bodies  fuse  together 
at  once.  You  see  the  hole  I have  made.  It 
is  large  enough  to  put  your  finger  in,  though 
the  platinum  itself  was,  as  you  saw,  almost  in- 
fusible, except  by  the  voltaic  battery.  For  the 
purpose  of  shewing  this  fact  in  a more  striking 
manner,  I have  taken  pieces  of  platinum-foil, 
tin-foil,  and  lead-foil,  and  rolled  them  together; 
and  if  I apply  the  blowpipe  to  them,  you  will 
have,  in  fact,  a repetition  on  a larger  scale  of 
the  experiment  you  saw  just  now  when  the 
lead  and  platinum  came  together,  and  one 
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spoiled  the  other.  When  the  metals  are  laid 
one  upon  the  other,  and  folded  together  and 
heat  applied,  you  will  not  only  see  that  the 
platinum  runs  to  waste,  but  that  at  the  time 
when  the  platinum  and  lead  are  combined 
there  is  ignition  produced — there  is  a power  of 
sustaining  combustion.  I have  taken  a large 
piece,  that  you  may  see  the  phenomenon  on  a 
large  scale.  You  saw  the  ignition  and  the 
explosion  which  followed,  of  which  we  have 
here  the  results  — the  consequence  of  the 
chemical  affinity  between  the  platinum  and 
the  metals  combined  with  it,  which  is  the  thing 
upon  which  Deville  founds  his  first  result. 

When  he  has  melted  these  substances  and 
stirred  them  well  up,  and  so  obtained  a com- 
plete mixture,  he  throws  in  air  upon  the 
surface  to  burn  off  all  the  sulphur  from  the  re- 
maining sulphuret  of  lead  ; and  at  last  he  gets 
an  ingot  of  lead  with  platinum — much  lead,  com- 
paratively, and  little  platinum.  He  gets  that 
in  the  crucible  with  a lot  of  scoriae  and  other 
things,  which  he  treats  afterwards.  It  is  that 
platiniferous  lead  which  we  have  to  deal  with 
in  our  future  process.  Now,  let  me  tell  you 
what  he  does  with  it.  His  first  object  is  to  get 


CUPELLATION  OF  PLATINUM. 


209 


rid  of  the  lead.  He  has  thrown  out  all  the  iron, 
and  a number  of  other  things,  and  he  has  got 
this  kind  of  compound  indicated  in  the  table. 
He  may  get  it  as  high  as  78  per  cent,  of  pla- 
tinum, and  22  of  lead;  or  5,  or  10,  or  15  of 
platinum,  and  95,  or  90,  or  85  of  lead  (which 
he  calls  weak  platinum),  and  he  then  places  it 
in  the  kind  of  vessel  that  you  see  before  you. 
Suppose  we  had  the  mixture  here;  we  should 
have  to  make  it  hot,  and  then  throw  in  air  upon 
the  surface.  The  combustible  metal — that  is, 
the  lead — and  the  part  that  will  oxidise,  are 
thoroughly  oxidised ; the  litharge  would  flow 


out  in  a fused  state  into  a vessel  placed  to  re- 
ceive it,  and  the  platinum  remains  behind. 

Here  is  the  process  which  Deville  adopts  for 
the  purpose  of  casting  off  the  lead,  after  he  has 
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got  out  the  platinum  from  the  ore.  (Having 
made  use  of  your  friend,  you  get  rid  of  him  as 
quickly  as  you  can.)  He  gets  his  heat  by 
applying  the  combination  of  oxygen  and  hydro- 
gen, or  of  carburetted  fuel,  for  the  purpose 
of  producing  a fire.  I have  here  a source  of 
coal-gas ; there  I have  a source  of  hydrogen ; 
and  here  I have  a source  of  oxygen.  I have 
here  also  one  of  the  blowpipes  used  by  Deville 
in  his  process  for  working  platinum  in  the  way 
I have  spoken  of.  There  are  two  pipes,  and 
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one  of  them  goes  to  the  source  of  coal-gas,  and 
the  other  to  the  supply  of  oxygen.  By  uniting 
these  we  obtain  a flame  of  such  a heat  as  to 
melt  platinum.  You  will,  perhaps,  hardly 
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imagine  what  the  heat  is,  unless  you  have 
some  proof  of  it ; but  you  will  soon  see  that 
I have  actually  the  power  of  melting  platinum* 
Here  is  a piece  of  platinum-foil  running  like 
wax  under  the  flame  which  I am  bringing  to 
bear  against  it.  The  question,  however,  is 
whether  we  shall  get  heat  enough  to  melt,  not 
this  small  quantity,  but  large  masses — many 
pounds  of  the  metal.  Having  obtained  heat 
like  this,  the  next  consideration  is  what  vessel 
is  he  to  employ  which  could  retain  the  pla- 
tinum when  so  heated,  or  bear  the  effects  of 
the  flame?  Such  vessels  are  happily  well 
supplied  at  Paris,  and  are  formed  of  a sub- 
stance which  surrounds  Paris  ; it  is  a kind  of 
chalk  (called,  I believe,  by  geologists,  calcaire 
grossihe),  and  it  has  the  property  of  enduring 
an  extreme  degree  of  heat.  I am  now  going 
to  get  the  highest  heat  that  we  can  obtain. 
First,  I shew  you  the  combustion  of  hydrogen 
by  itself.  I have  not  a large  supply,  because 
the  coal-gas  is  sufficient  for  most  of  our  pur- 
poses. If  I put  a piece  of  lime  obtained 
from  this  chalk  into  the  gas,  you  see  we  get 
a pretty  hot  flame,  which  would  burn  one’s 
fingers  a good  deal.  But  now  let  me  subject 
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a piece  of  it  to  the  joint  action  of  oxygen  and 
hydrogen.  I do  this  for  the  purpose  of  shewing 
you  the  value  of  lime  as  a material  for  the 
furnaces  and  chambers  that  are  to  contain 
the  substances  to  be  operated  on,  and  that 
are  consequently  to  sustain  the  action  of  this 
extreme  heat.  Here  we  have  the  hydrogen 
and  the  oxygen,  which  will  give  the  most 
intense  heat  that  can  be  obtained  by  chemical 
action  ; and  if  I put  a piece  of  lime  into  the 
flame,  we  get  what  is  called  the  lime-light. 
Now,  with  all  the  beauty  and  intensity  of 
action  which  you  perceive,  there  is  no  sensible 
deterioration  of  the  lime  except  by  the  me- 
chanical force  of  the  current  of  gases  rushing 
from  the  jet  against  the  lime,  sweeping  away 
such  particles  as  are  not  strongly  aggregated. 
“Vapour  of  lime”  some  call  it;  and  it  maybe 
so,  but  there  is  no  other  change  of  the  lime 
than  that  under  the  action  of  heat  of  this 
highly-exalted  chemical  condition,  though  al- 
most any  other  substance  would  melt  at  once. 

Then,  as  to  the  way  in  which  the  heat  is 
applied  to  the  substance.  It  is  all  very  well 
for  me  to  take  a piece  of  antimony,  and  fuse 
it  in  the  flame  of  a blowpipe.  But  if  I tried 
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this  piece  in  the  ordinary  lamp  flame,  I should 
do  nothing;  if  I tried  a smaller  piece,  I should 
do  little  or  nothing ; and  if  I tried  a still 
smaller  piece,  I should  do  little  or  nothing ; 
yet  I have  a condition  which  will  represent 
what  Deville  carries  to  the  highest  possible 
extent,  and  which  we  all  carry  to  the  highest 
extent,  in  the  use  of  the  blowpipe.  Suppose 
I take  this  piece  of  antimony : I shall  not  be 
able  to  melt  it  in  that  flame  of  the  candle 
by  merely  holding  it  there ; yet,  by  taking 
pains,  we  can  even  melt  a piece  of  platinum 
there.  This  is  a preparation  which  I made 
for  the  purpose  of  proving  the  fusibility  of 
platinum  in  a common  candle.  There  is  a 
piece  of  wire,  drawn  by  that  ingenious  pro- 
cess of  Dr.  Wollaston’s,  not  more  than  the 
three-thousandth  part  of  an  inch  in  diameter. 
He  put  the  wire  into  the  middle  of  a cylinder 
of  silver,  and  drew  both  together  until  the 
whole  compound  was  exceedingly  thin ; aiD. 
then  he  dissolved  away  the  silver  by  nitric 
acid.  There  was  left  in  the  centre  a substance 
which  I can  scarcely  see  with  an  eye-glass, 
but  which  I know  is  there,  and  which  I can 
make  visible,  as  you  see,  by  putting  it  into 
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the  candle,  where  the  heat  makes  it  glow  like 
a spark.  I have  again  and  again  tried  this 
experiment  up -stairs  in  my  own  room,  and 
have  easily  fused  this  platinum  - wire  by  a 
common  candle.  You  see  we  have,  therefore, 
heat  enough  in  the  candle,  as  in  the  voltaic 
battery,  or  in  the  highly-exalted  combustion 
of  the  blowpipe,  but  we  do  not  supply  a 
continuous  source  of  heat.  In  the  very  act  of 
this  becoming  ignited,  the  heat  radiates  so 
fast  that  you  cannot  accumulate  enough  to 
cause  the  fusion  of  the  wire,  except  under  the 
most  careful  arrangement.  Thus  I cannot 
melt  that  piece  of  antimony  by  simply  putting 
it  into  the  candle  ; but  if  I put  it  upon  char- 
coal, and  drive  the  fiery  current  against  it, 
there  will  be  heat  enough  to  melt  it.  The 
beauty  of  the  blowpipe  is,  that  it  sends  hot 
air  (making  hot  air  by  the  combustion  of  the 
flame)  against  the  thing  to  be  heated.  1 have 
only  to  hold  the  antimony  in  the  course  of 
that  current,  and  particle  by  particle  of  the 
current  impinges  upon  the  antimony,  and  so 
we  get  it  melted.  You  now  see  it  red-hot, 
and  I have  no  doubt  it  will  continue  to  burn 
if  I withdraw  it  from  the  flame  and  continue 
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to  force  the  air  on  it.  Now,  you  see  it  burning 
without  any  heat  but  that  of  its  own  combus- 
tion, which  I am  keeping  up  by  sending  the 
air  against  it.  It  would  go  out  in  a moment 
if  I took  away  the  current  of  air  from  it;  but 
there  it  is  burning,  and  the  more  air  I give 
it,  by  this  or  any  other  action,  the  better  it  is. 
So,  then,  we  have  here  not  merely  a mighty 
source  of  heat,  but  a means  of  driving  the  heat 
forcibly  against  substances. 

Let  me  shew  you  another  experiment  with 
a piece  of  iron.  It  will  serve  two  purposes — 
shewing  you  what  the  blowpipe  does  as  a 
source  of  heat,  and  what  it  does  by  sending 
that  heat  where  it  is  wanted.  I have  taken 
iron  in  contrast  with  silver  or  other  metals, 
that  you  may  see  the  difference  of  action,  and 
so  be  more  interested  in  the  experiment.  Here 
is  our  fuel,  the  coal-gas;  and  here  our  oxygen. 
Having  thus  my  power  of  heat,  I apply  it  to 
the  iron,  which,  as  you  see,  soon  gets  red-hot. 
It  is  now  flowing  about  like  a globule  of  melted 
mercury.  But  observe,  I cannot  raise  any 
vapour : it  is  now  covered  with  a coat  of 
melted  oxide,  and  unless  I have  a great  power 
in  my  blowpipe,  it  is  hardly  possible  to  break 
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through  it.  Now,  then,  you  see  these  beautiful 
sparks  : you  have  not  only  a beautiful  kind  of 
combustion,  but  you  see  the  iron  is  being  driven 
off,  not  producing  smoke,  but  burning  in  a fixed 
condition.  How  different  this  is  from  the  action 
of  some  other  metals — that  piece  of  antimony, 
for  instance,  which  we  saw  just  now  throwing- 
off  abundance  of  fumes.  We  can,  of  course,  burn 
away  this  iron  by  giving  plenty  of  air  to  it;  but 
with  the  bodies  which  Deville  wants  to  expose 
to  this  intense  heat  he  has  not  that  means : 
the  gas  itself  must  have  power  enough  to 
drive  off  the  slag  which  forms  on  the  surface 
of  the  metal,  and  power  to  impinge  upon  the 
platinum  so  as  to  get  the  full  contact  that  he 
wants  for  the  fusion  to  take  place.  We  see 
here,  then,  the  means  to  which  he  resorts — 
oxygen,  and  either  coal-gas  or  water-gas  (I9), 
or  pure  hydrogen,  for  producing  heat,  and  the 
blowpipe  for  the  purpose  of  impelling  the 
heated  current  upon  the  metals. 

I have  two  or  three  rough  drawings  here, 
representing  the  kind  of  furnaces  which  he 
employs.  They  are  larger,  however,  than  the 
actual  furnaces  lie  uses.  Even  the  furnace  in 
which  he  carries  on  that  most  serious  opera- 
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tion  of  fusing  fifty  pounds  of  platinum  at  once 
is  not  much  more  than  half  the  size  of  the 
drawing.  It  is  made  of  a piece  of  lime  below 
and  a piece  of  lime  above.  You  see  how 
beautifully  lime  sustains  heat  without  altering 
in  shape ; and  you  may  have  thought  how 


beautifully  it  prevents  the  dissipation  of  the 
heat  by  its  very  bad  conducting  powers.  While 
the  front  part  of  the  lime  which  you  saw  here 
was  so  highly  ignited,  I could  at  any  moment 
touch  the  back  of  it  without  feeling  any  annoy- 
ance from  the  heat.  So,  by  having  a chamber 
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of  lime  of  this  sort,  he  is  able  to  get  a vessel 
to  contain  these  metals  with  scarcely  any  loss 
of  heat.  He  puts  the  blowpipes  through  these 
apertures,  and  sends  down  these  gases  upon  the 
metals,  which  are  gradually  melted.  He  then 
puts  in  more  metal  through  a hole  at  the  top. 
The  results  of  the  combustion  issue  out  of  the 
aperture  which  you  see  represented.  If  there 
be  strips  of  platinum,  he  pushes  them  through 
the  mouth  out  of  which  the  heated  current  is 
coming,  and  there  they  get  red-hot  and  white- 
hot  before  they  get  into  the  bath  of  platinum. 
So  he  is  able  to  fuse  a large  body  of  platinum 
in  this  manner.  When  the  platinum  is  melted, 
he  takes  off  the  top  and  pours  out  from  the 
bottom  piece,  like  a crucible,  and  makes  his 
cast.  This  is  the  furnace  by  which  he  fuses  his 
forty  pounds  or  fifty  pounds  of  platinum  at 
once.  The  metal  is  raised  to  a heat  that  no 
eye  can  bear.  There  is  no  light  and  shadow, 
no  chiaro-oscuro  there ; all  is  the  same  intensity 
of  glow.  You  look  in,  and  you  cannot  see 
where  the  metal  or  the  lime  is  ; it  is  all  as 
one.  We  have,  therefore,  a platform  with  a 
handle,  which  turns  upon  an  axis,  that  coincides 
with  the  gutter  that  is  formed  for  the  pouring 
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of  the  metal;  and  when  all  is  known  to  be 
ready,  by  means  of  dark  glasses,  the  work- 
men take  off  the  top  piece  and  lift  up  the 
handle,  and  the  mould  being  then  placed  in  a 
proper  position,  he  knows  that  the  issue  of  the 
metal  will  be  exactly  in  the  line  of  the  axis. 
No  injury  has  ever  happened  from  the  use  of 
this  plan.  You  know  with  what  care  it  is 
necessary  to  carry  such  a vessel  of  mercury  as 
we  have  here,  for  fear  of  turning  it  over  on  one 
side  or  the  other;  but  if  it  be  a vessel  of  melted 
platinum,  the  very  greatest  care  must  be  used, 
because  the  substance  is  twice  as  heavy:  yet 
no  injury  has  been  done  to  any  of  the  workmen 
in  this  operation. 

I have  said  that  Deville  depends  upon  intense 
heat  for  carrying  off  vapour;  and  this  brings 
me  to  the  point  of  shewing  how  vapours  are 
carried  off.  Here  is  a basin  of  mercury,  which 
boils  easily,  as  you  know,  and  gives  us  the 
opportunity  of  observing  the  facts  and  prin- 
ciples which  are  to  guide  us.  I have  here  two 
poles  of  the  battery,  and  if  I bring  them  into 
contact  with  the  mercury,  see  what  a develop- 
ment of  vapour  we  have.  The  mercury  is 
flying  off  rapidly;  and  I might,  if  I pleased, 
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put  all  the  company  around  me  in  a bath  of 
mercury  vapour.  And  so,  if  we  take  this  piece 
of  lead  and  treat  it  in  the  same  way,  it  will 
also  give  off  vapour.  Observe  the  fumes  that 
rise  from  it;  and  even  if  it  was  so  far  enclosed 
from  the  air  that  you  could  not  form  any 
litharge,  you  would  still  have  those  abundant 
fumes  flying  off.  I may  also  take  a piece  of 
gold,  and  shew  you  the  same  thing.  I have 
here  a piece  of  gold  which  I put  upon  a clean 
surface  of  Paris  limestone.  Applying  the  heat 
of  the  blowpipe  to  it,  you  see  how  the  heat 
drives  off  the  vapour;  and  if  you  notice  at  the 
end  of  the  Lecture,  you  will  observe  on  the 
stone  a purple  patch  of  condensed  gold.  Thus 
you  see  a proof  of  the  volatilisation  of  gold. 
It  is  the  same  with  silver.  You  will  not  be 
startled  if  I sometimes  use  one  agent  and 
sometimes  another  to  illustrate  a particular 
point.  The  volatility  of  gold  and  silver  is  the 
same  thing,  whether  it  be  effected  by  the  voltaic 
battery  or  by  the  blowpipe.  [A  lump  of  silver 
was  placed  in  a charcoal  crucible  between  the 
poles  of  a voltaic  battery.]  Now,  look  at  the 
fumes  of  silver,  and  observe  the  peculiar  and 
beautiful  green  colour  which  they  produce. 
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We  shall  now  shew  you  this  same  process 
of  boiling  the  silver,  cast  on  a screen  from 
the  electric  lamp  which  you  have  before  you; 
and  while  Dr.  Tyndall  is  kindly  getting  the 
lamp  ready  for  this  purpose,  let  me  tell 
you  that  Deville  proposes  to  throw  out  in 
this  way  all  these  extraneous  things  that  I 
have  spoken  of,  except  two — namely,  iridium 
and  rhodium.  It  so  happens,  as  he  says,  that 
iridium  and  rhodium  do  make  the  metal  more 
capable  of  resisting  the  attacks  of  acids  than 
platinum  itself.  Alloys  are  compounded  up 
to  25  per  cent,  of  rhodium  and  iridium,  by 
which  the  chemical  inaction  of  the  platinum 
is  increased,  and  also  its  malleability  and 
other  physical  properties.  [The  image  of  the 
voltaic  discharge  through  vapour  of  silver  was 
now  thrown  upon  the  screen.]  What  you 
have  now  on  the  screen  is  an  inverted  image 
of  what  you  saw  when  we  heated  the  silver 
before.  The  fine  stream  that  you  see  around 
the  silver  is  the  discharge  of  the  electric  force 
that  takes  place,  giving  you  that  glorious 
green  light  which  you  see  in  the  ray ; and  if 
Dr.  Tyndall  will  open  the  top  of  the  lamp, 
you  will  see  the  quantity  of  fumes  that  will 
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come  out  of  the  aperture,  shewing  you  at  once 
the  volatility  of  silver. 

I have  now  finished  this  imperfect  account. 
It  is  but  an  apology  for  not  having  brought 
the  process  itself  before  you.  I have  done 
the  best  I could  under  the  circumstances;  and 
I know  your  kindness  well,  for  if  I were  not 
aware  that  I might  trust  to  it,  I would  not 
appear  here  so  often  as  I have  done.  The 
gradual  loss  of  memory  and  of  my  other 
faculties  is  making  itself  painfully  evident  to 
me,  and  requires,  every  time  I appear  before 
you,  the  continued  remembrance  of  your  kind- 
ness to  enable  me  to  get  through  my  task. 
If  I should  happen  to  go  on  too  long,  or 
should  fail  in  doing  what  you  might  desire, 
remember  it  is  yourselves  who  are  chargeable, 
by  wishing  me  to  remain.  I have  desired 
to  retire,  as  I think  every  man  ought  to  do 
before  his  faculties  become  impaired  ; but  I 
must  confess  that  the  affection  I have  for 
this  place,  and  for  those  who  frequent  this 
place,  is  such,  that  I hardly  know  when  the 
proper  time  has  arrived. 


NOTES. 


(0  Page  16.  The  Royal  George  sunk  at  Spithead  on 
the  29th  of  August,  1782.  Colonel  Pasley  commenced 
operations  for  the  removal  of  the  wreck  by  the  explo- 
sion of  gunpowder,  in  August,  1839.  The  candle  which 
Professor  Faraday  exhibited  must  therefore  have  been 
exposed  to  the  action  of  salt  water  for  upwards  of  fifty- 
seven  years. 

(2)  Page  17.  The  fat  or  tallow  consists  of  a chemical 
combination  of  fatty  acids  with  glycerine.  The  lime 
unites  with  the  palmitic,  oleic,  and  stearic  acids,  and 
separates  the  glycerine.  After  washing,  the  insoluble 
lime  soap  is  decomposed  with  hot  dilute  sulphuric  acid. 
The  melted  fatty  acids  thus  rise  as  an  oil  to  the  surface, 
when  they  are  decanted.  They  are  again  washed  and 
cast  into  thin  plates,  which,  when  cold,  are  placed 
between  layers  of  cocoa-nut  matting,  and  submitted  to 
intense  hydraulic  pressure.  In  this  way  the  soft  oleic 
acid  is  squeezed  out,  whilst  the  hard  palmitic  and  stearic 
acids  remain.  These  are  further  purified  by  pressure  at 
a higher  temperature,  and  washing  in  warm  dilute  sul- 
phuric acid,  when  they  are  ready  to  be  made  into  candles. 
These  acids  are  harder  and  whiter  than  the  fats  from 
which  they  were  obtained,  whilst  at  the  same  time  they 
are  cleaner  and  more  combustible. 
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(3)  Page  19.  A little  borax  or  phosphorus  salt  is  some- 
times added,  in  order  to  make  the  ash  fusible. 

(4)  Page  27.  Capillary  attraction  or  repulsion  is  the 
cause  which  determines  the  ascent  or  descent  of  a fluid 
in  a capillary  tube.  If  a piece  of  thermometer  tubing, 
open  at  each  end,  be  plunged  into  water,  the  latter  will 
instantly  rise  in  the  tube  considerably  above  its  external 
level.  If,  on  the  other  hand,  the  tube  be  plunged  into 
mercury,  a repulsion  instead  of  attraction  will  be  ex- 
hibited, and  the  level  of  the  mercury  will  be  lower  in  the 
tube  than  it  is  outside. 

(s)  Page  29.  The  late  Duke  of  Sussex  was,  we  believe, 
the  first  to  shew  that  a prawn  might  be  washed  upon 
this  principle.  If  the  tail,  after  pulling  off  the  fan  part, 
be  placed  in  a tumbler  of  water,  and  the  head  be  allowed 
to  hang  over  the  outside,  the  water  will  be  sucked  up  the 
tail  by  capillary  attraction,  and  will  continue  to  run  out 
through  the  head  until  the  water  in  the  glass  has  sunk 
so  low  that  the  tail  ceases  to  dip  into  it. 

(6)  Page  37.  The  alcohol  had  chloride  of  copper  dis- 
solved in  it : this  produces  a beautiful  green  flame. 

(7)  Page  54.  Lycopodium  is  a yellowish  powder  found 
in  the  fruit  of  the  club  moss  ( Lycopodium  clavatum).  It 
is  used  in  fireworks. 

(8)  Page  58.  Bunsen  has  calculated  that  the  tem- 
perature of  the  oxyhydrogen  blowpipe  is  8061°  Centi- 
grade. Hydrogen  burning  in  air  has  a temperature  of 
32590  C,  and  coal-gas  in  air,  23 50°  C. 

(9)  Page  60.  The  following  is  the  action  of  the 
sulphuric  acid  in  inflaming  the  mixture  of  sulphuret  of 
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antimony  and  chlorate  of  potassa.  A portion  of  the 
latter  is  decomposed  by  the  sulphuric  acid  into  oxide  of 
chlorine,  bisulphate  of  potassa,  and  perchlorate  of  potassa. 
The  oxide  of  chlorine  inflames  the  sulphuret  of  anti- 
mony, which  is  a combustible  body,  and  the  whole  mass 

instantlv  bursts  into  flame. 

* 

(I0)  Page  63.  The  “ air-burner,”  which  is  of  such 
value  in  the  laboratory,  owes  its  advantage  to  this 
principle.  It  consists  of  a cylindrical  metal  chimney, 
covered  at  the  top  with  a piece  of  rather  coarse  iron- 
wire  gauze.  This  is  supported  over  an  argand  burner, 
in  such  a manner  that  the  gas  may  mix  in  the  chimney 
with  an  amount  of  air  sufficient  to  burn  the  carbon  and 
hydrogen  simultaneously,  so  that  there  may  be  no  separa- 
tion of  carbon  in  the  flame  with  consequent  deposition 
of  soot.  The  flame,  being  unable  to  pass  through  the 
wire  gauze,  burns  in  a steady,  nearly  invisible  manner 
above. 

(n)  Page  74.  Water  is  in  its  densest  state  at  a tem- 
perature of  39. 1 0 Fahrenheit. 

(,2)  Page  74.  A mixture  of  salt  and  pounded  ice 
reduces  the  temperature  from  320  F.  to  zero — the  ice  at 
the  same  time  becoming  fluid. 

(I3)  Page  82.  Potassium,  the  metallic  basis  of  potash, 
was  discovered  by  Sir  Humphrey  Davy  in  1807,  who 
succeeded  in  separating  it  from  potash  by  means  of  a 
powerful  voltaic  battery.  Its  great  affinity  for  oxygen 
causes  it  to  decompose  water  with  evolution  of  hydrogen, 
which  takes  fire  with  the  heat  produced. 

(m)  Page  98.  Professor  Faraday  has  calculated  that 
there  is  as  much  electricity  required  to  decompose  one 
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grain  of  water  as  there  is  in  a very  powerful  flash  ©f 
lightning. 

(is)  Page  ioi.  A solution  of  acetate  of  lead  submitted 
to  the  action  of  the  voltaic  current,  yields  lead  at  the 
negative  pole,  and  brown  peroxide  of  lead  at  the  positive 
pole.  A solution  of  nitrate  of  silver,  under  the  same 
circumstances,  yields  silver  at  the  negative  pole,  and 
peroxide  of  silver  at  the  positive  pole. 

(16)  Page  129.  The  gas  which  is  thus  employed  as  a 
test  for  the  presence  of  oxygen,  is  the  binoxide  of  nitrogen, 
or  nitrous  oxide.  It  is  a colourless  gas,  which,  when 
brought  in  contact  with  oxygen,  unites  with  it,  forming 
hyponitric  acid,  the  red  gas  referred  to. 

(17)  page  152.  Marble  is  a compound  of  carbonic 
acid  and  lime.  The  muriatic  acid  being  the  stronger  of 
the  two,  takes  the  place  of  the  carbonic  acid,  which 
escapes  as  a gas,  the  residue  forming  muriate  of  lime  or 
chloride  of  calcium. 

(18)  Page  186.  Lead  pyrophorus  is  made  by  heating 
dry  tartrate  of  lead  in  a glass  tube  (closed  at  one  end, 
and  drawn  out  to  a fine  point  at  the  other)  until  no  more 
vapours  are  evolved.  The  open  end  of  the  tube  is  then 
to  be  sealed  before  the  blowpipe.  When  the  tube  is 
broken  and  the  contents  shaken  out  into  the  air,  they 
burn  with  a red  flash. 

(19)  Page  216.  Water-gas  is  formed  by  passing  vapour 
of  water  over  red-hot  charcoal  or  coke.  It  is  a mixture 
of  hydrogen  and  carbonic  oxide,  each  of  which  is  an 
inflammable  gas 
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8vo,  picture  cover,  is. ; crown  8vo,  cloth  extra,  3J.  6d. 

The  Luck  of  Roaring  Camp,  and  other  Sketches.  By  Bret 

Harte.  Post  8vo,  illustrated  boards,  2 s. 

Jeff  Briggs’s  Love  Story.  By  Bret  Harte.  Fcap.  8vo,  pictur 

cover,  is.  ; cloth  extra,  2 s.  6 d. 

Small  crown  8vo,  cloth  extra,  gilt,  with  full-page  Portraits,  4 s.  6 d. 

Brewster’s  (Sir  David)  Martyrs  of  Science.. 

Small  crown  8vo,  cloth  extra,  gilt,  with  Astronomical  Plates,  4 s.  6d. 

Brewster’s  (Sir  D.)  More  Worlds  than  One,, 

the  Creed  of  the  Philosopher  and  the  Hope  of  the  Christian. 

Demy  8vo,  profusely  Illustrated  in  Colours,  30J. 

British  Flora  Medica : 

A History  of  the  Medicinal  Plants  of  Great  Britain.  Illustrated  by 
a Figure  of  each  Plant,  coloured  by  hand.  By  Benjamin  H.. 
Barton,  F.L.S.,  and  Thomas  Castle,  M.D.,  F.R.S.  A New  Edi- 
tion, revised  and  partly  re-written  by  John  R.  Jackson,  A.L.S., 
Curator  of  the  Museums  of  Economic  Botany,  Royal  Gardens,  Kew. 

THE  STOTHARD  BUNYAN. — Crown  8vo,  cloth  extra,  gilt,  js . 6 d. 

Bunyan’s  Pilgrim’s  Progress. 

Edited  by  Rev.  T.  Scott.  With  17  beautiful  Steel  Plates  by 
Stothard,  engraved  by  Goodall  ; and  numerous  Woodcuts. 

Crown  8vo,  cloth  extra,  gilt,  with  Illustrations,  7J.  6d. 

Byron’s  Letters  and  Journals. 

With  Notices  of  his  Life.  By  Thomas  Moore.  A Reprint  of  the 
Original  Edition  newly  revised,  with  Twelve  full-page  Plates. 

Demy  8vo,  cloth  extra,  14 j. 

Campbell’s  (Sir  GO  White  and  Black : 

The  Outcome  of  a Visit  to  the  United  States.  By  Sir  George 
Campbell,  M.P. 

“ Few  persons  are  likely  to  take  it  up  without  finishing  it.” — Nonconformist. 
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Crown  8vo,  cloth  extra,  is.  6 d. 

Carlyle  (Thomas)  On  the  Choice  of  Books. 

With  Portrait  and  Memoir. 

Small  4to,  cloth  gilt,  with  Coloured  Illustrations,  ioj.  6d. 

Chancer  for  Children: 

A Golden  Key.  By  Mrs.  H.  R.  Haweis.  With  Eight  Coloured 
Pictures  and  numerous  Woodcuts  by  the  Author. 

"ft  must  not  only  take  a high  place  among  the  Christmas  and  New  Year  looks 
of  this  season,  but  is  also  of  permanent  value  as  an  introduction  to  the  study  of 
Chaucer , whose  works,  in  selections  of  some  kind  or  otlier,  are  now  text-books  in 
every  school  that  aspires  to  give  sound  instruction  in  English." — Academy. 

Crown  8vo,  cloth  limp,  with  Map  and  Illustrations,  2 s.  6d. 

Cleopatra’s  Needle: 

Its  Acquisition  and  Removal  to  England  Described.  By  Sir  J.  E. 
Alexander. 

Crown  8vo,  cloth  extra,  gilt,  7s.  6d. 

Colman’s  Humorous  Works : 

" Broad  Grins,”  “ My  Nightgown  and  Slippers,”  and  other  Humorous 
Works,  Prose  and  Poetical,  of  George  Colman.  With  Life  by  G. 
B,  Buckstone,  and  Frontispiece  by  Hogarth. 

Conway  (Moncure  D.),  Works  by: 

Demonology  and  Devil-Lore.  By  Moncure  D.  Conway, 

M.A.  Two  Vols. , royal  8vo,  with  65  Illustrations,  28s. 

“ A valuable  contidbution  to  mythological  literature.  . . . There  is  muck 
good  writing  among  these  disquisitions,  a vast  fund  of humanity , undeniable 
earnestness,  and  a delicate  sense  of  humour,  all  set  forth  in  pure  English 
— Contemporary  Review. 

A Necklace  of  Stories.  By  Moncure  D.  Conway,  M.A. 

Illustrated  by  W.  J.  Hennessy.  Square  8vo,  cloth  extra,  65. 

“ This  delightful'  Necklace  of  Stories'  is  inspired  with  lovely  and  lofty 
sentiments.  . . . It  is  a beautiful  conception,  and  is  designed  to  teach  a 

greai  7noral  lesson." — Illustrated  London  News. 

Demy  8vo,  cloth  extra,  with  Coloured  Illustrations  and  Maps,  24J. 

Cope’s  History  of  the  Rifle  Brigade 

(The  Prince  Consort’s  Own),  formerly  the  95th.  By  Sir  William 
H.  Cope,  formerly  Lieutenant,  Rifle  Brigade. 

Crown  8vo,  cloth  extra,  gilt,  with  13  Portraits,  7s.  6d. 

Creasy’s  Memoirs  of  Eminent  Etonians  ; 

with  Notices  of  the  Early  History  of  Eton  College.  By  Sir  Edward 
Creasy,  Author  of  "The  Fifteen  Decisive  Battles  of  the  World.” 

“ A new  edition  of ' Creasy' s Etonians  ’ will  be  welcome.  The  book  was  a 
feevouri.te  a quarter  of  a century  ago,  and  it  has  maintained  its  reputation.  The 
value  of  this  7tew  edition  is  eTihanced  by  the  fact  that  Sir  Edward  Creasy  has 
added  to  it  several  me7noirs  of  Etonians  who  have  died  since  the  first  edition 

prepared.  The  work  is  eminently  interesting.'*  SCOTSMAN. 

Crown  8vo,  cloth  extra,  with  Coloured  Frontispiece,  7s.  6 d. 

Credulities,  Past  and  Present. 

By  William  Jones,  F.S.A.,  Author  of  “ Finger-Ring  Lore,”  &c. 

yin  the  press. 
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Crown  8vo,  cloth  gilt,  Two  very  thick  Volumes,  7s.  6d.  each. 

Cruikshank’s  Comic  Almanack. 

Complete  in  Two  Series  : The  First  from  1835  to  1843  ; the  Second 
from  1844  to  1853.  A Gathering  of  the  Best  Humour  of 
Thackeray,  Hood,  Mayhew,  Albert  Smith,  A ’Beckett, 
Robert  Brough,  &c.  With  2,000  Woodcuts  and  Steel  Engravings 
by  Cruikshank,  Hine,  Landells,  &c. 

Parts  I.  to  XIV.  now  ready,  21  s.  each. 

Cussans’  History  of  Hertfordshire. 

By  John  E.  Cussans.  Illustrated  with  full-page  Plates  on  Copper 
and  Stone,  and  a profusion  of  small  Woodcuts. 

" Mr.  Cussans  has,  from  sources  not  accessible  to  Clutter  buck,  made  most 
valuable  additions  to  the  manorial  history  of  the  county  from  the  earliest  period 
downwards,  cleared  up  many  doubtful  points,  and  given  original  details  con • 
ceming  various  subjects  uutoucJced  or  imperfectly  treated  by  that  writer.  The 
pedigrees  seem  to  have  been  constructed  with  great  care,  and  are  a valuable  addition 
to  the  genealogical  history  of  the  county.  Mr.  Cussans  appears  to  have  dor.e 
his  work  conscientiously,  and  to  have  spared  neither  time , labour , nor  expense  t 
render  his  volumes  worthy  of  ranking  in  the  highest  class  qf  County  Histories 
— Academy. 


Two  Volumes,  demy  410,  handsomely  bound  in  half-morocco,  gilt, 
profusely  Illustrated  with  Coloured  and  Plain  Plates  and 
Woodcuts,  price  £ 7 7 s. 

Cyclopaedia  of  Costume; 

or,  A Dictionary  of  Dress — Regal,  Ecclesiastical,  Civil,  and  Military — 
from  the  Earliest  Period  in  England  to  the  reign  of  George  the  Third. 
Including  Notices  of  Contemporaneous  Fashions  on  the  Continent, 
and  a General  History  of  the  Costumes  of  the  Principal  Countries  of 
Europe.  By  J.  R.  Planche,  Somerset  Herald. 

The  Volumes  may  also  be  had  separately  (each  Complete  in  itself)  at  £3  13 s.iid.  each: 

Vol.  I.  THE  DICTIONARY. 

Vol.  n.  A GENERAL  HISTORY  OF  COSTUME  IN  EUROPE. 

Also  in  25  Parts,  at  5 s.  each.  Cases  for  binding,  5J.  each. 

“ A comprehensive  and  highly  valuable  book  of  reference.  . . . We  have 

rarely  failed  to  find  in  this  book  an  account  of  an  article  of  dress,  while  in  most 
of  the  entries  curious  and  instructive  details  are  given.  . . . Mr.  Planchfs 

enormous  labour  of  love,  the  production  of  a text  which , whether  in  its  dictionary 
form  or  in  that  of  the  ‘ General  Histoiy,'  is  within  its  intended  scope  immeasurably 
the  best  and  richest  work  on  Costume  in  English.  , . . This  book  is  not  only 

one  of  the  most  readable  works  of  the  kind,  but  intrinsically  attractive  and 
amusing .” — Athenaeum. 

“ A most  readable  and  interesting  work — and  it  can  scarcely  be  consulted  in 
vain,  whether  the  reader  is  in  search  for  information  as  to  military,  court , 
ecclesiastical,  legal,  or  professional  costume.  . . . All  the  chromo-lithographs, 

and  most  of  the  woodcut  illustrations—  the  latter  amounting  to  several  thousands 
— are  very  elaborately  executed  ; and  the  work  forms  a livre  de  luxe  which  renders 
it  equally  suited  to  the  library  and  the  ladies'  drawing-room." — Times. 

“ One  of  the  most  perfect  works  ever  published  upon  the  subject.  The  illustra- 
tions are  numerous  and  excellent,  and  would,  even  without  the  letterpress , render 
the  work  an  invaluable  book  of  reference  for  information  as  to  costumes  fir/  fancy 
balls  and  character  quadrilles,  . . . Beautifully  printed  and  superbly  Ulus- 
t rated." — Standard. 
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Second  Edition,  revised  and  enlarged,  demy  8vo,  cloth  extra, 
with  Illustrations,  24J. 

Dodge’s  (Colonel)  The  Hunting  Grounds  of 

the  Great  West : A Description  of  the  Plains,  Game,  and  Indians  of 
the  Great  North  American  Desert.  By  Richard  Irving  Dodge, 
Lieutenant-Colonel  of  the  United  States  Army.  With  an  Introduction 
by  William  Blackmore  ; Map,  and  numerous  Illustrations  drawn 
by  Ernest  Griset. 

Demy  8vo,  cloth  extra,  12 s.  6d. 

Doran’s  Memories  of  our  Great  Towns. 

With  Anecdotic  Gleanings  concerning  their  Worthies  and  their 
Oddities.  By  Dr.  John  Doran,  F.S.A. 

“ A greater  genius  for  ■writing  of  the  anecdotic  kind  few  men  have  had.  As 
to  giving  any  idea  of  the  contents  of  the  book,  it  is  quite  impossible.  Those  who 
know  how  Dr.  Dorcm  used  to  write — it  is  sad  to  have  to  use  the  past  tense  of  one  of 
the  most  cheerful  of  men — will  understand  what  we  mean  ; and  those  who  do  not 
must  take  it  on  trust  from  us  that  this  is  a remarkably  entertaining  volume .” — 
Spectator. 

Second  Edition,  demy  8vo,  cloth  gilt,  with  Illustrations,  i8j. 

Dunraven’s  The  Great  Divide : 

A Narrative  of  Travels  in  the  Upper  Yellowstone  in  the  Summer  of 
1874.  By  the  Earl  of  Dunraven.  With  Maps  and  numerous 
striking  full-page  Illustrations  by  Valentine  W.  Bromley. 

“ There  has  not  for  a long  time  appeared  a better  book  of  travel  than  Lord 
Dunraven' s * The  Great  Divide*  . . . The  book  is  full  of  clever  observation, 

and  both  narrative  and  illustrations  are  thoroughly  good." — Athenaeum. 

Demy  8vo,  cloth,  i6j. 

Dutt’s  India,  Past  and  Present; 

with  Minor  Essays  on  Cognate  Subjects.  By  Shoshee  Chunder 
Dutt,  Rai  Bdh&door. 

Crown  8v®,  cloth  extra,  gilt,  with  Illustrations,  6r. 

Emanuel  On  Diamonds  and  Precious 

Stones  ; their  History,  Value,  and  Properties  ; with  Simple  Tests  for 
ascertaining  their  Reality.  By  Harry  Emanuel,  F.R.G.S.  With 
numerous  Illustrations,  Tinted  and  Plain. 

Demy  4to,  cloth  extra,  with  Illustrations,  365. 

Emanuel  and  Grego— A History  of  the  Gold- 
smith's and  Jeweller’s  Art  in  all  Ages  and  in  all  Countries.  By  E. 
Emanuel  and  Joseph  Grego.  With  numerous  fine  Engravings. 

[_In  preparation. 

Crown  8vo,  cloth  extra,  with  Illustrations,  7s.  6d. 

Englishman’s  House,  The : 

A Practical  Guide  to  all  interested  in  Selecting  or  Building  a House, 
with  full  Estimates  of  Cost,  Quantities,  &c.  By  C.  J.  Richardson. 
Third  Edition.  With  nearly  600  Illustrations. 
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Crown  8vo,  cloth  boards,  6s.  per  Volume. 

Early  English  Poets. 

Edited,  with  Introductions  and  Annotations,  by  Rev.  A.  B.  Grosart. 


"Mr.  Grosart  has  spent  the  most  laborious  and  the  most  enthusiastic  care  on 
the  perfect  restoration  and  preservation  of  the  text ; and  it  is  very  unlikely  that 
any  other  edition  of  the  poet  can  ever  be  called  for.  . . From  Mr.  Grosart  we 

always  expect  and  always  receive  the  final  results  of  most  patient  and  competent 
scholarship." — Examiner. 


1.  Fletcher  s (Giles,  B.D.)  Com- 

plete Poems : Christ’s  Victorie  in 
Heaven,  Christ’s  Victorie  on  Earth, 
Christ’s  Triumph  over  Death,  and 
Minor  Poems.  With  Memorial-In- 
troduction and  Notes.  OneVol. 

2.  Davies’  (Sir  John)  Complete 

Poetical  Works,  including  Psalms  I. 
to  L.  in  Verse,  and  other  hitherto 
Unpublished  MSS.,  for  the  first  time 
Collected  and  Edited.  Memorial- 
Introduction  and  Notes.  Two  Vols. 


3.  Herrick  s (Robert)  Hesperi- 

des,  Noble  Numbers,  and  Complete 
Collected  Poems.  With  Memorial- 
Introduction  and  Notes,  Steel  Por- 
trait, Index  of  First  Lines,  and 
Glossarial  Index,  &c.  Three  Vols, 

4.  Sidney’s  (Sir  Philip)  Com- 
plete Poetical  Works,  including  all 
those  in  “Arcadia.”  With  Portrait, 
Memorial-Introduction,  Essay  on 
the  Poetry  of  Sidney,  and  Notes. 
Three  Vols. 


Folio,  cloth  extra,  £1  1 is.  6 d. 

Examples  of  Contemporary  Art. 

Etchings  from  Representative  Works  by  living  English  and  Foreign 
Artists.  Edited,  with  Critical  Notes,  by  J.  Comyns  Carr. 

“ It  would  not  be  easy  to  meet  with  a more  sumptuous,  and  at  the  same  time 
a more  tasteful  and  instructive  drawing-room  book." — Nonconformist. 


Crown  8vo,  cloth  extra,  with  Illustrations,  6s. 

Fairholt’s  Tobacco  : 

Its  History  and  Associations  ; with  an  Account  of  the  Plant  and  its 
Manufacture,  and  its  Modes  of  Use  in  all  Ages  and  Countries.  By  F. 
W.  Fairholt,  F.S.A.  With  Coloured  Frontispiece  and  upwards  of 
100  Illustrations  by  the  Author. 

“ A very  pleasant  and  instructive  history  of  tobacco  and  its  associations,  which 
we  cordially  recommend  alike  to  the  votaries  and  to  the  enemies  of  the  much- 
maligned  but  certainly  not  neglected  weed.  . . . Pull  of  interest  and  in- 

formation."— Daily  News. 

Crown  8vo,  cloth  extra,  with  Illustrations,  4 s.  6d. 

Faraday’s  Chemical  History  of  a Candle. 

Lectures  delivered  to  a Juvenile  Audience.  A New  Edition.  Edited 
by  W.  Crookes,  F.C.S.  With  numerous  Illustrations. 

Crown  8vo,  cloth  extra,  with  Illustrations,  41.  6 d. 

Faraday’s  Various  Forces  of  Nature. 

New  Edition.  Edited  by W.  Crookes,  F.C.S.  Numerous  Illustrations. 
Crown  8 vo,  cloth  extra,  with  Illustrations,  js.  6 d. 

Finger-Ring  Lore: 

Historical,  Legendary,  and  Anecdotal.  By  Wm.  Jones,  F.S.A,  With 
Hundreds  of  Illustrations  of  Curious  Rings  of  all  Ages  and  Countries. 
•*  One  of  those  gossiping  books  which  are  as  full  of  amusement  as  of  instruct 
tionl'— Athen>cum. 
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One  Shilling  Monthly,  mostly  Illustrated. 

Gentleman’s  Magazine,  The, 

For  January  contained  the  First  Chapters  of  a New  Novel  entitled 
Queen  Cophetua,  by  R.  E.  Francillon  : to  be  continued  through- 
out the  year. 

Now  ready , the  Volume  for  January  to  June,  1880,  cloth  extra , 
price  8s.  6d.;  and  Cases  for  binding , price  2 s.  each. 

The  G-entleman’s  Annual,  containing  one  or  more  works  of  high- 
class  fiction,  is  published  every  Christmas  as  an  Extra  Number  of  the  Magazine, 
price  is.  

THE  R US  KIN  GRIMM. — Square  8vo,  cloth  extra,  6 s.  6d.  ; 

gilt  edges,  7 s.  6d. 

German  Popular  Stories. 

Collected  by  the  Brothers  Grimm,  and  Translated  by  Edgar  Taylor. 
Edited  with  an  Introduction  by  John  Ruskin.  With  22  Illustrations 
after  the  inimitable  designs  of  George  Cruikshank.  Both  Series 
Complete. 

“ The. illustrations  of  this  volume  . . . are  of  quite  sterling  and  admirable 

art . of  a.  class  precisely  parallel  in  elevation  to  the  character  of  the  tales  which 
they  illustrate ; and  the  original  etchings , as  I have  before  said  in  the  Appendix  to 
my  ‘ Elements  of  Drawing ,’  were  rmrivalled  in  masterfulness  of  touch  since  Rem- 
brandt (in  some  qualities  of  delineation,  unrivalled  even  by  him).  . . . To  make 
somewhat  enlarged  copies  of  them , looking  at  them  through  a magnifying  glass, 
and-  never  fitting  two  lines  where  Cruikshank  has  put  only  one , would  be  an  exer- 
cise in  decision  and  severe  drawing  which  would  leave  aftei  wards  little  to  be  learnt 
in  schools." — Extract  from  Introduction  by  John  Ruskin. 

Post  8vo,  cloth  limp,  2 s.  6d. 

Gienny’s  A Year’s  Work  in  Garden  and 

Greenhouse : Practical  Advice  to  Amateur  Gardeners  as  to  the 
Management  of  the  Flower,  Fruit,  and  Frame  Garden.  By  George 
Glenn  y. 

“ A great  deal  of  valuable  information,  conveyed  in  very  simple  language.  The 
amateur  need  not  wish  for  a better  guide!' — Leeds  Mercury. 

New  and  Cheaper  Edition,  demy  8 vo,  cloth  extra,  with  Illustrations,  qs.6d. 

Greeks  and  Romans,  The  Life  of  the, 

Described  from  Antique  Monuments.  By  Ernst  Guhl  and  W. 
Koner.  Translated  from  the  Third  German  Edition,  and  Edited  by 
Dr.  F.  Hueffer.  With  545  Illustrations. 

Crown  8vo,  cloth  extra,  gilt,  with  Illustrations,  7s.  6 d. 

Greenwood’s  Low-Life  Deeps : 

An  Account  of  the  Strange  Fish  to  be  found  there.  By  James  Green- 
wood. With  Illustrations  in  tint  by  Alfred  Concanen. 

Crown  8vo,  cloth  extra,  gilt,  with  Illustrations,  7s.  6d. 

Greenwood’s  Wilds  of  London: 

Descriptive  Sketches,  from  Personal  Observations  and  Experience,  of 
Remarkable  Scenes,  People,  and  Places  in  London.  By  J ames  Green- 
wood.  With  12  Tinted  Illustrations  by  Alfred  Concanen. 
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Square  i6mo  (Tauchniiz  size),  cloth  extra,  2 s.  per  volume. 


Golden  Library,  The 

Ballad  History  of  England.  By 

W.  C.  Bennett. 

Bayard  Taylor’s  Diversions  of 

the  Echo  Club. 

Byron's  Don  Juan. 

Emerson’s  Letters  and  Social 

Aims. 

Godwin’s  (William)  Lives  of 

the  Necromancers. 

Holmes’s  Autocrat  of  the 

Breakfast  Table.  With  an  Introduc- 
tion by  G.  A.  Sala. 

Holmes’s  Professor  at  the 

Breakfast  Table. 

Hood’s  Whim3  and  Oddities. 
Complete.  With  all  the  original  Il- 
lustrations. 

Irving’s  (Washington)  Tales  of 

a Traveller. 

Irving’s  (Washington)  Tales  of 

the  Alhambra. 

Jesse’s  (Edward)  Scenes  and 

Occupations  of  Country  Life. 

Lamb’s  Essays  of  Elia.  Both 

Series  Complete  in  One  Vol. 

Leigh  Hunt’s  Essays : A Tale 

for  a Chimney  Corner,  and  other 
Pieces.  With  Portrait,  and  Introduc- 
tion by  Edmund  Ollier. 


Mallory’s  (Sir  Thomas)  Mort 

d’Arthur  : The  Stories  of  King  Arthur 
and  of  the  Knights  of  the  Round 
Table.  Edited  by  B.  Montgomerie 
Ranking. 

Pascal’s  Provincial  Letters.  A 

New  Translation,  with  PJistorical  In- 
troduction and  Notes,  by  T.  M’Crie, 
D.D. 

Pope’s  Poetical  Works.  Com- 
plete. 

Rochefoucauld’s  Maxims  and 

Moral  Reflections.  With  Notes,  and 
an  Introductory  Essay  by  Saintb- 
Beuve. 

St  Pierre’s  Paul  and  Virginia, 

and  The  Indian  Cottage  Edited, 
with  Life,  by  the  Rev.  E.  Clarke. 

Shelley’s  Early  Poems,  and 

Queen  Mab,  with  Essay  by  Leigh 
Hunt. 

Shelley’s  Later  Poems  : Laon 

and  Cythna,  &c. 

Shelley’s  Posthumous  Poems, 

the  Shelley  Papers,  &c. 

Shelley’s  Prose  Works,  includ- 
ing A Refutation  of  Deism,  Zastrozzi, 
St.  Irvyne,  &c. 

White’s  Natural  History  of  Sel- 

borne.  Edited,  with  additions,  by 
Thomas  Brown,  F.L.S. 


Crown  8vo,  cloth  gilt  and  gilt  edges,  7 s.  6 d. 

Golden  Treasury  of  Thought,  The: 

An  Encyclopedia  of  Quotations  from  Writers  of  all  Times  and 
Countries.  Selected  and  Edited  by  Theodore  Taylor. 


Large  410,  with  14  facsimile  Plates,  price  One  Guinea. 

Grosvenor  Gallery  Illustrated  Catalogue. 

Winter  Exhibition  (1877-78)  of  Drawings  by  the  Old  Masters  and 
Water-Colour  Drawings  by  Deceased  Artists  of  the  British  School. 
With  a Critical  Introduction  by  J.  Comyns  Carr. 


Crown  8vo,  cloth  extra,  gilt,  with  Illustrations,  40.  51. 

Guy  of  s Earth  and  Man; 

or,  Physical  Geography  in  its  Relation  to  the  History  of  Mankind. 
With  Additions  by  Professors  Agassiz,  Pierce,  and  Gray  ; 12  Maps 
and  Engravings  on  Steel,  some  Coloured,  and  copious  Iridex. 
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Hakef(Dr.  Thomas  Gordon),  Poems  by : 

Maiden  Ecstasy.  Small  4I0,  cloth  exti  a,  8s. 

New  Symbols.  Crown  8vo,  cloth  extra,  6s. 

Legends  of  the  Morrow.  Crown  8vo,  cloth  extra,  6s. 

Medium  8vo,  cloth  extra,  gilt,  with  Illustrations,  js.  6 d. 

Hall's  (Mrs.  S.  C.)  Sketches  of  Irish  Character. 

With  numerous  Illustrations  on  Steel  and  Wood  by  Maclise,  Gil- 
bert, Harvey,  and  G.  Cruikshank. 

“ The  Irish  Sketches  of  this  lady  resemble  Miss  Mitford ' s beautiful  English 
sketches  in  ‘ Our  Village ,’  but  they  are  far  more  vigorous  and  picturesque  and 
bright .” — Blackwood’s  Magazine. 

Post  8vo,  cloth  extra,  4J.  6 d. ; a few  large-paper  copies,  half-Roxb.,  ioj.  6d, 

Handwriting,  The  Philosophy  of. 

By  Don  Felix  de  Salamanca.  With  134  Facsimiles  of  Signatures. 

Haweis  (Mrs.),  Works  by : 

The  Art  of  Dress.  By  Mrs.  H.  R.  Haweis,  Author  of  “ The 

Art  of  Beauty,”  &c.  Illustrated  by  the  Author.  Small  8vo,  illustrated 
cover,  is. ; cloth  limp,  is.  6d. 

“ A well-considered  attempt  to  apply  canons  of  good  taste  to  the  costumes 

of  ladies  of  our  time Mrs.  Haweis  writes  frankly  and  to  the 

point , she  does  not  mince  matters , but  boldly  remonstrates  with  her  crvn  sex 

on  the  follies  they  indulge  in VVe  may  recommend  the  book  to  the 

ladies  zvhom  it  concerns .” — Athenaeum. 

The  Art  of  Beauty.  By  Mrs.  H.  R.  Haweis,  Author  of 

“ Chaucer  for  Children.”  Square  8vo,  cloth  extra,  gilt,  gilt  edges,  with 
Coloured  Frontispiece  and  nearly  ioo  Illustrations,  ias.  6d. 

Vols.  I.  and  II.,  demy  8vo,  12J.  each. 

History  of  Our  Own  Times,  from  the  Accession 

of  Queen  Victoria  to  the  Berlin  Congress.  By  J ustin  McCarthy. 

“ Criticism  is  disarmed  before  a composition  which  provokes  little  but  approval. 
This  is  a really  good  book  on  a really  interesting  subject,  and  words  piled  on  words 
could  say  no  more  for  it.  . . . Such  is  the  effect  of  its  general  justice,  its  breadth 
of  view,  and  its  sparkling  buoyancy,  that  very  few  of  its  readers  will  close  these 
volume's  without  looking  forward  with  interest  to  the  two  that  are  to  follow”— 
Saturday  Review. 

***  Vols.  III.  and  IV.,  completing  the  work,  will  he  ready  immediately. 
Crown  8vo,  cloth  extra,  51. 

Hobhouse’s  The  Dead  Hand : 

Addresses  on  the  subject  of  Endowments  and  Settlements  of  Property. 
By  Sir  Arthur  Hobhouse,  Q.C.,  K.C.S.I. 

Crown  8vo,  cloth  limp,  with  Illustrations,  2 s.  6 d. 

Holmes’s  The  Science  of  Voice  Production 

and  Voice  Preservation  : A Popular  Manual  for  the  Use  of  Speakers 
and  Singers.  By  Goruon  Holmes,  L.R.C.P.E. 
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Crown  8vo,  cloth  extra,  45.  6d. 

Hollingshead’s  (John)  Plain  English. 

“/  anticipate  immense  entertainment  from  the  perusal  of  Mr.  Hollingsheaa ’s 
‘ Plain  English,'  which  / itnagined  to  be  a philological  work,  but  which  I find  to 
be  a series  of  essays,  in  the  H ollingsheadian  or  Sledge-Hammer  style,  on  those 
matters  theatrical  with  which  he  is  so  eminently  conversant." — G.  A.  S.  in  the 
Illustrated  London  News. 

Crown  8vo,  cloth  extra,  gilt,  ys.  6d. 

Hood's  (Thomas)  Choice  Works, 

In  Prose  and  Verse.  Including  the  Cream  of  the  Comic  Annuals. 
With  Life  of  the  Author,  Portrait,  and  Two  Hundred  Illustrations. 

Square  crown  8vo,  cloth  extra,  gilt  edges,  6s. 

Hood’s  (Tom)  From  Nowhere  to  the  North 

Pole  : A Noah’s  Arkaeological  Narrative.  With  25  Illustrations  by 
W.  Brunton  and  E.  C.  Barnes. 

" The  amusing  letterpress  is  profusely  interspersed  with  the  jingling  rhymes 
which  children  love  and  learn  so  easily.  Messrs.  Brunton  atid  Barnes  do  full 
justice  to  the  writer' s meaning , and  a pleasanter  result  of  the  harmonious  co • 
operation  of  author  and  artist  could  not  be  desired."  —Times. 

Crown  8vo,  cloth  extra,  gilt,  7s.  6d. 

Hook’s  (Theodore)  Choice  Humorous  Works, 

including  his  Ludicrous  Adventures,  Bons-mots,  Puns,  and  Hoaxes. 
With  a new  Life  of  the  Author,  Portraits,  Facsimiles,  and  Illustrations. 

Crown  8vo,  cloth  extra,  ys. 

Horne’s  Orion : 

An  Epic  Poem  in  Three  Books.  By  Richard  Hengist  Horne. 
With  a brief  Commentary  by  the  Author.  With  Photographic  Portrait 
from  a Medallion  by  Summers.  Tenth  Edition. 

Crown  8vo,  cloth  extra,  ys.  6d. 

Howell’s  Conflicts  of  Capital  and  Labour 

Historically  and  Economically  considered.  Being  a History  and 
Review  of  the  Trade  Unions  of  Great  Britain,  showing  their  Origin, 
Progress,  Constitution,  and  Objects,  in  their  Political,  Social,  Eco- 
nomical, and  Industrial  Aspects.  By  George  Howell. 

“ This  book  is  an  attempt,  and  on  the  whole  a successful  attempt,  to  place  the 
work  of  trade  unions  in  the  past,  and  their  objects  in  the  future,  fairly  before  the 
Public  from  the  working  man's  poind  of  view." — Pall  Mall  Gazette. 

Demy  8vo,  cloth  extra,  12s.  6d. 

Hueffer’s  The  Troubadours: 

A History  of  Provencal  Life  and  Literature  in  the  Middle  Ages.  By 
Francis  Hueffer. 

Two  Vols.  8vo,  with  52  Illustrations  and  Maps,  cloth  extra,  gilt,  14J. 

Josephus,  The  Complete  Works  of. 

Translated  by  Whiston.  Containing  both  “ The  Antiquities  of  the 
jews  ” and  “ The  Wars  of  the  Jews.” 
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A New  Edition,  Revised  and  partly  Re-written,  with  several  New 
Chapters  and  Illustrations,  crown  8vo,  cloth  extra,  js.  Gd. 

Jennings’  The  Rosicrucians : 

Their  Rites  and  Mysteries.  With  Chapters  on  the  Ancient  Fire  and 
Serpent  Worshippers.  By  Hargrave  Jennings.  With  Five  full- 
page  Plates  and  upwards  of  300  Illustrations. 

“One  of those  volumes  which  may  be  taken  up  and  dipped  into  at  random for  half- 
an-hour ’s  reading , or,  on  the  other  hand,  appealed  to  by  the  student  as  a source  of 
valuable  information  on  a system  which  has  not  only  exercised  for  hundreds  of  years 
an  extraordinary  influence  on  the  mental  development  of  so  shrewd  a people  as  the 
Jews,  but  has  captivated  the  minds  of  some  of  the  greatest  thinkers  of  Christendom 
in  the  sixteenth  and  seventeenth  centuries." — Leeds  Mercury. 

Small  8vo,  cloth,  full  gilt,  gilt  edges,  with  Illustrations,  6v. 

Kavanaghs1  Pearl  Fountain, 

And  other  Fairy  Stories.  By  Bridget  and  Julia  Kavanagh.  With 
Thirty  Illustrations  by  J.  Moyr  Smith. 

8‘  Genuine  new  fairy  stories  of  the  old  type , some  of  them  as  delightful  as  the 
best  of  Grimm's  ‘ German  Popular  Stories.'  ....  For  the  most  part  the 
stories  are  downright,  thorough- going  fairy  stories  of  the  most  admirable  kind. 

. . . Mr.  Moyr  Smith’s  illustrations , too , are  admirable." — Spectator. 

Crown  8vo,  illustrated  boards,  with  numerous  Plates,  2 s.  6d. 

Lace  (Old  Point),  and  How  to  Copy  and 

Imitate  it.  By  Daisy  Waterhouse  Hawkins.  With  17  Illustra- 
tions by  the  Author. 

Crown  8vo,  cloth  extra,  with  numerous  Illustrations,  ioj.  6d. 

Lamb  (Mary  and  Charles) : 

Their  Poems,  Letters,  and  Remains.  With  Reminiscences  and  Notes 
by  W.  Carew  Hazlitt.  With  Hancock’s  Portrait  of  the  Essayist, 
Facsimiles  of  the  Title-pages  of  the  rare  First  Editions  of  Lamb’s  and 
Coleridge’s  Works,  and  numerous  Illustrations. 

••  many  passages  will  delight  those  fond  of  literary  trifles  ; hardly  any 

Portion  will  fail  in  interest  for  lovers  of  Charles  Lamb  and  his  sister — Standard. 

Small  8vo,  cloth  extra,  5^. 

Lamb’s  Poetry  for  Children,  and  Prince 

Dorus.  Carefully  Reprinted  from  unique  copies. 

“ The  quaint  and  delightful  little  book,  over  the  recovery  of  which  all  the  hearts 
of  his  lovers  are  yet  warm  with  rejoicing." — A.  C.  Swinburne. 

Crown  8vo,  cloth  extra,  gilt,  with  Portraits,  7s.  6d. 

Lamb’s  Complete  Works, 

In  Prose  and  Verse,  reprinted  from  the  Original  Editions,  with  many 
Pieces  hitherto  unpublished.  Edited,  with  Notes  and  Introduction, 
by  R.  H.  Shepherd.  With  Two  Portraits  and  Facsimile  of  a Page 
of  the  “ Essay  on  Roast  Pig." 

“A  complete  edition  of  Lamb’s  writings,  in  prose  and  verse,  has  long  been 
wanted,  cend  is  now  supplied.  The  editor  appears  to  have  taken  great  pains 
to  bring  together  Lamb’s  scattered  contributions,  and  his  collection  contains  a 
number  of  pieces  which  are  now  reproduced  for  the  first  time  since  t/teir  original 
appearance  in  various  old  periodicals.” — Saturday  Review. 
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Demy  8vo,  cloth  extra,  with  Maps  and  Illustrations,  i8l 

Lamont’s  Yachting  in  the  Arctic  Seas  ; 

or,  Notes  of  Five  Voyages  of  Sport  and  Discovery  in  the  Neighbour- 
hood of  Spitzbergen  and  Novaya  Zemlya.  By  James  Lamont, 
F.R.G.S.  With  numerous  full-page  Illustrations  by  Dr.  Livesay. 

11  After  wading  through  numberless  volumes  of  icy  fiction , conoocted  narrative, 
and  spurious  biography  of  Arctic  voyagers , it  is  pleasant  to  meet  with  a real  and 
genuine  volume.  . . . He  shows  much  tact  in  recounting  his  adventures,  and 

they  are  so  interspersed  with  anecdotes  and  information  as  to  make  them  anything 
but  wearisome.  . . . The  book,  as  a whole,  is  the  most  important  addition 

made  to  our  Arctic  literature  for  a long  time." — Athenaeum. 

Crown  8vo,  cloth,  full  gilt,  js.  6 d. 

Latter-Day  Lyrics: 

Poems  of  Sentiment  and  Reflection  by  Living  Writers  ; selected  and 
arranged,  with  Notes,  by  W.  Davenport  Adams.  With  a Note  on 
some  Foreign  Forms  of  Verse,  by  Austin  Dobson. 

Crown  8vo,  cloth,  full  gilt,  6s. 

Leigh's  A Town  Garland. 

By  Henry  S.  Leigh,  Author  of  “Carols  of  Cockayne.” 

“ If  Mr.  Leigh's  verse  survive  to  a future  generation — and  there  is  no  reason 
why  that  honour  should  not  be  accorded  productions  so  delicate , so  finished , and  so 
full  of  humour — their  author  will  probably  be  remembered  as  the  Poet  of  the 
Strand ....  Very  whimsically  does  Mr.  Leigh  treat  the  subjects  which  com- 
mend themselves  to  him.  His  verse  is  always  admirable  in  rhythm,  and  his 
rhymes  are  happy  enough  to  deserve  a place  by  the  best  of  Barham.  ....  The 
entire  contents  of  the  volume  are  equally  noteworthy  for  humour  and  for  dainti- 
ness ofioorkmanship.’’ — Athen^um. 

Second  Edition. — Crown  8vo,  cloth  extra,  with  Illustrations,  ioj.  6d. 

Leisure-Time  Studies,  chiefly  Biological. 

By  Andrew  Wilson,  Ph.D.,  Lecturer  on  Zoology  and  Comparative 
Anatomy  in  the  Edinburgh  Medical  School. 

“It  is  will  when  we  can  take  up  the  work  of  a really  qualified  investigator, 
who  in  the  intervals  of  his  more  serious  professional  labours  sets  himself  to  impart 
knowledge  in  such  a simple  and  elementary  form  as  may  attract  and  instruct, 
with  no  danger  of  misleading  the  tyro  in  natural  sciefice.  Such  a work  is  this 
little  volum.e,  made  up  of  essays  and  addresses  -written  and  delivered  by  Dr. 
Andrew  Wilson,  lecturer  and  examiner  in  science  at  Edinburgh  and  Glasgow,  at 
leisure  intervals  in  a busy  professional  life.  . . . Dr.  Wilson’s  pages  teem  with 

matter  stimulating  to  a healthy  love  of  science  and  a reverence  for  the  truths 
of  nature.’’— Saturday  Review. 

Crown  8vo,  cloth  extra,  with  Illustrations,  js.  6d. 

Life  in  London; 

or,  The  History  of  Jerry  Hawthorn  and  Corinthian  Tom.  With  the 
whole  of  Cruikshank’s  Illustrations,  in  Colours,  after  the  Originals. 

Crown  8vo,  cloth  extra,  6s. 

Lights  on  the  Way : 

Some  Tales  within  a Tale.  By  the  latej.  H.  Alexander,  B.A. 
Edited,  with  an  Explanatory  Note,  by  H.  A.  Page,  Author*  of 
“ Thereau  : A Study.” 
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Crown  8 vo,  cloth  extra,  with  Illustrations,  ys.  6 d. 

Longfellow’s  Complete  Prose  Works. 

Including  “Outre  Mer,”  “Hyperion,”  “ Kavanagh,”  “The  Poets 
and  Poetry  of  Europe,”  and  “Driftwood.”  With  Portrait  and  Illus- 
trations by  Valentine  Bromley. 

Crown  8vo,  cloth  extra,  gilt,  with  Illustrations,  7 s.  6d. 

Longfellow’s  Poetical  Works. 

Carefully  Reprinted  from  the  Original  Editions.  With  numerous 
fine  Illustrations  on  Steel  and  Wood. 

Crown  8 vo,  cloth  extra,  55. 

Lunatic  Asylum,  My  Experiences  in  a. 

By  a Sane  Patient. 

“ The  story  is  clever  and  interesting,  sad  beyond  measure  though  the  subject 
be.  There  is  no  personal  bitterness , and  no  violence  or  anger.  Whatever  may 
have  been  the  evidence  for  our  author's  madness  when  he  was  consigned  to  an 
asylum , nothing  can  be  clearer  than  his  sanity  when  he  wrote  this  book ; it  is 
bright , calm,  and  to  the  point.” — Spectator. 

Demy  8vo,  with  Fourteen  full-page  Plates,  cloth  boards,  i8j-. 

Lusiad  (The)  of  Camoens. 

Translated  into  English  Spenserian  verse  by  Robert  Ffrench  Duff, 
Knight  Commander  of  the  Portuguese  Royal  Order  of  Christ. 

Macquoid  (Mrs.),  Works  by: 

In  the  Ardennes.  By  Katharine  S.  Macquoid.  With 

numerous  fine  Illustrations  by  Thomas  R.  Macquoid.  Uniform  with 
“ Pictures  and  Legends.”  Sq.  8vo,  cloth  extra,  10 s.  td.  \_In preparation. 

Pictures  and  Legends  from  Normandy  and  Brittany.  By 

Katharine  S.  Macquoid.  With  numerous  Illustrations  by  Thomas  R. 
Macquoid.  Square  8vo,  cloth  gilt,  10s.  6 d. 

“ Mr.  and  Mrs.  Macquoid  have  been  strolling  in  Normandy  and  Brittany, 
and  the  result  of  their  observations  and  researches  in  that  picturesque  land 
of  romantic  associations  is  an  attractive  volume,  which  is  neither  a work  of 
travel  nor  a collection  of  stories,  but  a book  partaking  almost  in  equal  degree 
of  each  of  these  characters.  . . . The  illustrations,  which  are  numerous 

are  drawn,  as  a rule,  with  remarkable  delicacy  as  well  as  with  true  artistic 
feeling." — Daily  News. 

Through  Normandy.  By  Katharine  S.  Macquoid.  With 

90  Illustrations  by  T.  R.  Macquoid.  Square  8vo,  cloth  extra,  7 s.  6d. 

“ One  of  the  few  books  which  can  be  read  as  a piece  of  literature,  whilst  at 
the  same  time  handy  in  the  knapsack." — British  Quarterly  Review. 

Through  Brittany.  By  Katharine  S.  Macquoid.  With 

numerous  Illustrations  by  Thomas  R.  Macquoid.  Square  8vo,  cloth 
extra,  qs.  6 d. 

“ The  pleasant  companionship  which  Mrs.  Macquoid  offers,  while  wander- 
ing from  one  point  of  interest  to  another,  seems  to  throw  a renewed  charm 
around  each  oft-depicted  scene." — Morning  Post. 

Crown  8vo,  cloth  extra,  with  Illustrations,  2 s.  6 d. 

Madre  Natura  v.  The  Moloch  of  Fashion. 

By  Luke  Limner.  With  32  Illustrations  by  the  Author.  Fourth 
Edition,  revised  and  enlarged. 
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Handsomely  printed  in  facsimile,  price  5.1. 

Magna  Charta. 

An  exact  Facsimile  of  the  Original  Document  in  the  British  Museum, 
printed  on  fine  plate  paper,  nearly  3 feet  long  by  2 feet  wide,  with  the 
Arms  and  Seals  emblazoned  in  Gold  and  Colours . 

Small  8vo,  is. ; cloth  extra,  ij.  6d. 

Milton’s  The  Hygiene  of  the  Skin. 

A Concise  Set  of  Rules  for  the  Management  of  the  Skin  ; with  Direc- 
tions for  Diet,  Wines,  Soaps,  Baths,  &c.  By  J.  L.  Milton,  Senior 
Surgeon  to  St.  John’s  Hospital. 

By  the  same  Author. 

The  Bath  in  Diseases  of  the  Skin.  Sm.  8vo,  u.;  cl.  extra,  is.6d. 

Mallock’ s (W.  H.)  Works : 

Is  Life  Worth  Living  ? By  William  Hurrell  Mallock. 

Demy  8vo,  cloth  extra,  12 s.  6d. 

“ This  deeply  interesting  volume It  is  the  most  powerful  vin- 

dication of  religion , both  natural  and  revealed,  that  has  appeared  since  Bishop 
Butler  wrote , and  is  much  more  useful  than  either  the  Analogy  or  the  Ser- 
mons of  that  great  divine,  as  a refutation  of  the  peculiar  form  assumed  by 

the  infidelity  of  the  present  day Deeply  philosophical  as  the  book 

is,  there  is  not  a heavy  page  in  it.  The  writer  is  ‘ possessed ,'  so  to  speak, 
with  his  great  subject,  has  sounded  its  depths,  surveyed  it  in  all  its  extent , 
and  brought  to  bear  on  it  all  the  resources  of  a vivid,  rich,  and  unpassiotied 
style,  as  well  as  an  adequate  acquaintance  with  the  science,  the  philosophy , 
and  the  literature  of  the  day.''—  Irish  Daily  News. 

The  New  Republic  ; or,  Culture,  Faith,  and  Philosophy  in  an 
English  Country  House.  By  William  Hurrell  Mallock.  Crown  8vo, 
cloth  extra,  6s.  Also  a Cheap  Edition,  in  the  “ Mayfair  Library,”  at  2^.  6d. 
The  New  Paul  and  Virginia  ; or,  Positivism  on  an  Island.  By 
William  Hurrell  Mallock.  Crown  8vo,  cloth  extra,  35.  6d.  Also  a 
Cheap  Edition,  in  the  “ Mayfair  Library,”  at  2 s.  6d. 

Poems.  By  W.  H.  Mallock.  Small  4to,  bound  in  parchment,  8j. 

Mark  Twain’s  Works: 

The  Choice  Works  of  Mark  Twain.  Revised  and  Corrected 
throughout  by  the  Author.  With  Life,  Portrait,  and  numerous  Illustra- 
tions. Crown  8vo,  cloth  extra,  7 s.  6d. 

The  Adventures  of  Tom  Sawyer.  By  Mark  Twain.  With 
One  Hundred  Illustrations.  Small  8vo,  cloth  extra,  qs.  6d.  Cheap  Edition, 
illustrated  boards,  2 s. 

A Pleasure  Trip  on  the  Continent  of  Europe  : The  Innocents 

Abroad,  and  The  New  Pilgrim’s  Progress.  By  Mark  Twain.  Post  Svo, 
illustrated  boards,  2 s. 

An  Idle  Excursion,  and  other  Sketches.  By  Mark  Twain. 

Post  8vo,  illustrated  boards,  2s. 

A Tramp  Abroad.  By  Mark  Twain.  With  314  Illustrations. 

Crown  8vo,  cloth  extra,  7 s.  6d. 

“ The  fun  and  tenderness  of  the  conception,  of  which  no  living  man  but 
Mark  Twain  is  capable,  its  grace  and  fantasy  and  slyness,  the  wonderful 
feeling for  animals  that  is  manifest  in  every  line,  make  oj  all  this  episode  of 
Jim  Baker  and  his  joys  a piece  of  work  that  is  not  only  delightful  as  tnere 
reading,  but  also  of  a high  degree  of  merit  as  literature.  . . . The  book  is 

full  of  good  thing-,  a>id  contains  passages  and  episodes  that  are  equal  to  the 
funniest  of  those  that  have  gone  before." — Athenaeum. 
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BOOKS  PUBLISHED  BY 


Post  8vo,  cloth  limp,  2 s.  6d.  per  vol. 

Mayfair  Library,  The: 


The  New  Republic.  By  W.  H. 

Mallock. 

The  New  Paul  and  "Virginia. 

By  W.  H.  Mallock. 

The  True  History  of  Joshua 

Davidson.  By  E.  Lynn  Linton. 
Old  Stories  Re-told.  By  W alter 
Thornbury. 


Puniana.  By  the  Hon.  Hugh 

Rowley. 

More  Puniana.  By  the  Hon. 

Hugh  Rowley. 

Puck  on  Pegasus.  By  H. 

Cholmondeley-Pennell. 

Muses  of  Mayfair.  Edited  by 

H.  Cholmondeley-Pennell. 


Thoreau  : His  Life  and  Aims. 

By  H.  A.  Page. 

By  Stream  and  Sea.  By  Wil- 


G astronomy  a3  a Fine  Art.  By 

Brillat-Savarin. 

Original  Plays.  By  W.  S.  Gil- 


liam Senior. 

Jeuxd’Esprit.  Edited  by  Henry 
S.  Leigh. 


BERT. 

Carols  of  Cockayne.  By  Henry 

S.  Leigh. 


***  Other  Volumes  are  in  preparation. 


New  Novels. 


NEW  NOVEL  BY  MRS.  LYNN  LINTON. 


WITH  A SILKEN  THREAD,  and  other  Stories.  By  E. 

Lynn  Linton.  Three  Vols.,  crown  8vo. 

OUIDA’S  NEW  NOVEL. 

PIPISTRELLO,  and  other  Stories.  By  OuidA.  Crown  8vo, 

cloth  extra,  ioj.  6d. 

CHARLES  GIBBON'S  NEW  NOVEL. 

IN  PASTURES  GREEN,  and  other  Stories.  By  Charles 

Gibbon.  Crown  8vo,  cloth  extra,  105.  6d.  [In  the  press. 

New  and  Cheater  Edition,  crown  3vo,  cloth  extra,  3$.  6d. 

UNDER  ONE  ROOF.  By  James  Payn. 

New  and  Cheaper  Edition,  crown  8vo,  cloth  extra,  3*.  6d. 

THE  SEAMY  SIDE.  By  the  Authors  of  “ The  Golden  Butter- 

fly,” “The  Monks  ofThelema,”  &c. 

NEW  NOVEL  BY  JULIAN  HA  WTHORNE. 

ELLICE  QUENTIN,  and  other  Stories.  By  Julian  Haw- 
thorne. Two  Vols.,  crown  8vo.  [ Nearly  ready. 

MR.  FRANCILLON’S  NEW  NOVEL. 

QUEEN  COPHETUA.  By  R.  E.  Francillon.  Three  Vols., 

crown  Svo.  [In  Preparation. 

JAMES  PAYN'S  NEW  NOVEL. 

A CONFIDENTIAL  AGENT.  By  James  Payn.  With  12 
Illustrations  by  Arthur  Hopkins.  Three  Vols.,  crown  8vo. 

[In  preparation. 

MRS.  HUNT'S  NEW  NOVEL. 

THE  LEADEN  CASKET.  By  Mrs.  Alfred  W.  Hunt. 

Three  Vols.,  crown  8vo.  [In preparation. 

NEW  NOVEL  BY  MRS.  LINTON. 

THE  REBEL  OF  THE  FAMILY.  By  E.  Lynn  Linton. 

Three  Vols.,  crown  Svo.  [In  preparation. 
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Small  8vo,  cloth  limp,  with  Illustrations,  2J.  6<f. 

Miller’s  Physiology  for  the  Young; 

Or,  The  House  of  Life : Human  Physiology,  with  its  Applications  to 
the  Preservation  of  Health.  For  use  in  Classes  and  Popular  Reading. 
With  numerous  Illustrations.  By  Mrs.  F.  Fenwick  Miller. 

“An  admirable  introduction  to  a subject  which  all  who  value  health  and  enjoy 
life  should  have  at  their lingers'  ends." — Echo. 


Square  8vo,  cloth  extra,  with  numerous  Illustrations,  9 s. 

North  Italian  Folk. 

By  Mrs.  Comyns  Carr.  Illustrated  by  Randolph  Caldecott. 

“ A delightful  book,  of  a kind  which  is  far  too  rare.  If  anyone  wants  to  really 
know  the  North  Italian  folk,  we  can  honestly  advise  him  to  omit  the  journey and 
sit  down  to  read  Mrs.  Carr's  pages  instead.  . . . Description  with  Mrs.  Carr 

is  a real  gift.  . . . It  is  rarely  that  a book  is  so  happily  illustrated." — Con- 
temporary Review. 


Crown  8vo,  cloth  extra,  with  Vignette  Portraits,  price  6s.  per  VoL 


Old  Dramatists,  The : 

Ben  Jonson’s  Works. 

With  Notes,  Critical  and  Explanatory, 
and  a Biographical  Memoir  by  Wil- 
liam Gifford.  Edited  by  Colonel 
Cunningham.  Three  Vols. 

Chapman’s  Works. 

Now  First  Collected.  Complete  in 
Three  Vols.  Vol.  I.  contains  the  Plays 
complete,  including  the  doubtful  ones; 
Vol.  II.  the  Poems  and  Minor  Trans- 
lations, with  an  Introductory  Essay 


by  Algernon  Charles  Swinburne. 
Vol.  III.  the  Translations  of  the  Iliad 
and  Odyssey. 

Marlowe’s  Works. 

Including  his  Translations.  Edited, 
with  Notes  and  Introduction,  by  Col. 
Cunningham.  One  Vol. 
Massinger’s  Plays. 

From  the  Text  of  William  Gifford. 
With  the  addition  of  the  Tragedy  of 
“ Believe  as  you  List.”  Edited  b / 
Col.  Cunningham.  One  Vol. 


Crown  8vo,  red  cloth  extra,  51.  each. 

Ouida’s  Novels— Library  Edition. 


Held  in  Bondage. 

Strathmore. 

Chandos. 

Under  Two  Flags, 
ldalia. 

Cecil  Castlemaine. 
Tricotrin. 

Puck. 

Folle  F&rine. 


By  Ouida. 
By  Ouida. 
By  Ouida. 
By  Ouida. 
By  Ouida. 
By  Ouida. 
By  Ouida. 
By  Ouida. 
By  Ouida. 


Dog  of  Flanders.  By  Ouida. 

Pascarel.  By  Ouida. 

Two  Wooden  Shoes.  By  Ouida. 


Signa. 

In  a Winter  City. 
Ariadne. 
Friendship. 
Moths. 


By  Ouida. 
By  Ouida. 
By  Ouida. 
By  Ouida. 
By  Ouida. 


**  Also  a Cheap  Edition  of  all  but  the  last,  post  8vo,  illustrated  boards, 
at  2 s.  each. 


Post  8vo,  cloth  limp,  is.  6 d. 

Parliamentary  Procedure,  A Popular  Hand- 

book of.  By  Henry  W.  Lucy. 

Crown  8vo,  cloth  extra,  with  Portrait  and  Illustrations,  7J.  6 d. 

Poe’s  Choice  Prose  and  Poetical  Works. 

With  Baudelaire’s  " Essay.” 
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BOOKS  PUBLISHED  BY 


Crown  8vo,  carefully  printed  on  creamy  paper,  and  tastefully  bound 
in  cloth  for  the  Library,  price  3_r.  6 d.  each. 

Piccadilly  Novels,  The. 

Popular  static#  bg  tfjr 

READY-MONEY  MORTIBOY.  By  W.  Besant  and  James  Rice. 

MY  LITTLE  GIRL.  By  W.  Besant  and  James  Rice. 

THE  CASE  OP  MR.  LUCRAFT.  By  W.  Besant  and  James  Rice. 

THIS  SON  OP  VULCAN.  By  W.  Besant  and  James  Rice. 

WITH  HARP  AND  CROWN.  By  W.  Besant  and  James  Rice. 

THE  GOLDEN  BUTTERFLY.  By  W.  Besant  and  James  Rice. 
With  a Frontispiece  by  F.  S.  Walker. 

BY  CELIA’S  ARBOUR.  By  W.  Besant  and  James  Rice. 

THE  MONKS  OP  THELEMA.  By  W.  Besant  and  James  Rice. 
’TWAS  IN  TRAFALGAR’S  BAY.  By  W.  Besant  & James  Rice. 
THE  SEAMY  SIDE.  By  Walter  Besant  and  James  Rice. 
ANTONINA.  By  Wilkie  Collins.  Illustrated  by  Sir  J.  Gilbert 

and  Alfred  Concanen. 

BASIL.  By  Wilkie  Collins.  Illustrated  by  Sir  John  Gilbert 

and  J.  Mahoney. 

HIDE  AND  SEEK.  By  Wilkie  Collins.  Illustrated  by  Sir 
John  Gilbert  and  J.  Mahoney. 

THE  DEAD  SECRET.  By  Wilkie  Collins.  Illustrated  by  Sir 
John  Gilbert  and  H.  Furniss. 

QUEEN  OP  HEARTS.  By  Wilkie  Collins.  Illustrated  by  Sir 
John  Gilbert  and  A.  Concanen. 

MY  MISCELLANIES.  By  Wilkie  Collins.  With  Steel  Por- 
trait, and  Illustrations  by  A.  Concanen. 

THE  WOMAN  IN  WHITE.  By  Wilkie  Collins.  Illustrated 
by  Sir  J.  Gilbert  and  F.  A.  Fraser. 

THE  MOONSTONE.  By  Wilkie  Collins.  Illustrated  by  G. 
Du  Maurier  and  F.  A.  Fraser. 

MAN  AND  WIPE.  By  Wilkie  Collins.  Illust.  by  Wm.  Small. 

POOR  MISS  FINCH.  By  Wilkie  Collins.  Illustrated  by  G. 
Du  Maurier  and  Edward  Hughes. 

MISS  OR  MRS.  ? By  Wilkie  Collins.  Illustrated  by  S.  L. 

Fildes  and  Henry  Woods. 

THE  NEW  MAGDALEN.  By  Wilkie  Collins.  Illustrated  by 

G.  Du  Maurier  and  C.  S.  Reinhart. 

THE  FROZEN  DEEP.  By  Wilkie  Collins.  Illustrated  by  G, 
Du  Maurier  and  J.  Mahoney. 

THE  LAW  AND  THE  LADY.  By  Wilkie  Collins.  Illus- 
trated by  S.  L.  Fildes  and  Sydney  Hall. 
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Piccadilly  Novels — continued. 

THE  TWO  DESTINIES.  By  Wilkie  Collins. 

THE  HAUNTED  HOTEL.  By  Wilkie  Collins.  Illustrated  by 

Arthur  Hopkins. 

THE  FALLEN  LEAVES.  By  Wilkie  Collins. 

DECEIVERS  EVER.  By  Mrs.  H.  Lovett  Cameron. 
JULIET’S  GUARDIAN.  By  Mrs.  H.  Lovett  Cameron.  Illus- 

trated  by  Valentine  Bromley. 

FELICIA.  By  M.  Betham-Edwards.  Frontispiece  by  W.  Bowles. 

OLYMPIA.  By  R.  E.  Francillon. 

GARTH.  By  Julian  Hawthorne. 

IN  LOVE  AND  WAR.  By  Charles  Gibbon. 

WHAT  WILL  THE  WORLD  SAY  ? By  Charles  Gibbon. 

FOR  THE  KING.  By  Charles  Gibbon. 

IN  HONOUR  BOUND.  By  Charles  Gibbon. 

UNDER  THE  GREENWOOD  TREE.  By  Thomas  Hardy, 

THORNICROFT’S  MODEL.  By  Mrs.  A.  W.  Hunt. 

FATED  TO  BE  FREE.  By  Jean  Ingelow. 

THE  QUEEN  OF  CONNAUGHT.  By  Harriett  Jay. 

THE  DARK  COLLEEN.  By  Harriett  Jay. 

NUMBER  SEVENTEEN.  By  Henry  Kingsley. 

OAKSHOTT  CASTLE.  By  Henry  Kingsley.  With  a Frontis- 

piece by  Shirley  Hodson. 

THE  WORLD  WELL  LOST.  By  E.  Lynn  Linton.  Illustrated 

by  J.  Lawson  and  Henry  French. 

THE  ATONEMENT  OF  LEAM  DUNDAS.  By  E.  Lynn 

Linton.  With  a Frontispiece  by  Henry  Woods. 

PATRICIA  KEMBALL.  By  E.  Lynn  Linton.  With  a Frontis- 
piece by  G.  Du  Maurier. 

THE  WATERDALE  NEIGHBOURS.  By  Justin  McCarthy, 
MY  ENEMY’S  DAUGHTER.  By  Justin  McCarthy. 
LINLEY  ROCHFORD.  By  Justin  McCarthy. 

A FAIR  SAXON.  By  Justin  McCarthy. 

DEAR  LADY  DISDAIN.  By  Justin  McCarthy. 

MISS  MISANTHROPE.  By  Justin  McCarthy.  Illustrated  by 

Arthur  Hopkins. 

LOST  ROSE.  By  Katharine  S.  Macquoid. 

THE  EVIL  EYE,  and  other  Stories.  By  Katharine  S.  Mac- 
quoid. Illustrated  by  Thomas  R.  Macquoid  and  Percy  Macquoid. 
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BOOKS  PUBLISHED  BY 


Piccadilly  Novels — continued. 

OPEN ! SESAME  I By  Florence  Marryat,  Illustrated  by 
F.  A.  Fraser. 

TOUCH  AND  GO.  By  Jean  Middlemass. 

WHITELADIES.  By  Mrs.  Oliphant.  With  Illustrations  by  A. 
Hopkins  and  H.  Woods. 


THE  BEST  OP  HUSBANDS.  By  James  Payn.  Illustrated  by 
J.  Moyr  Smith. 

FALLEN  FORTUNES.  By  James  Payn. 

HALVES.  By  James  Payn.  With  a Frontispiece  by  J.  Mahoney. 
WALTER’S  WORD.  By  James  Payn.  Illust.  by  J.  Moyr  Smith. 
WHAT  HE  COST  HER.  By  James  Payn. 

LESS  BLACK  THAN  WE’RE  PAINTED.  By  James  Payn. 
BY  PROXY.  By  James  Payn.  Illustrated  by  Arthur  Hopkins. 
UNDER  ONE  ROOF.  By  James  Payn. 

HER  MOTHER’S  DARLING.  By  Mrs.  J.  H.  Riddell. 
BOUND  TO  THE  WHEEL.  By  John  Saunders. 

GUY  WATERMAN.  By  John  Saunders. 

ONE  AGAINST  THE  WORLD.  By  John  Saunders. 

THE  LION  IN  THE  PATH.  By  John  Saunders. 

THE  WAY  WE  LIVE  NOW.  By  Anthony  Trollope.  Illust. 
THE  AMERICAN  SENATOR.  By  Anthony  Trollope. 
DIAMOND  CUT  DIAMOND.  By  T.  A.  Trollope. 


Post  8vo,  illustrated  boards,  2 s.  each. 

Popular  Novels,  Cheap  Editions  o L 

[Wilkie  Collins’  Novels  and  Besant  and  Rice’s  Novels  may  also  be  had  in 
cloth  limp  at  2s.  6d.  See,  too,  the  Piccadilly  Novels,  for  Library  Editums.'] 


Maid,  Wife,  or  Widow  ? By 

Mrs.  Alexander. 

Ready-Money  Mortiboy.  By 
Walter  Besant  and  James  Rice. 

The  Golden  Butterfly.  By  Au- 
thors of  “ Ready-Money  Mortiboy.” 

This  Son  of  Vulcan.  By  the  same. 
My  Little  Girl.  By  the  same. 
The  Case  of  Mr.  Lucraft.  By 

Authors  of  “Ready-MoneyMortiboy.” 

With  Harp  and  Crown.  By 

Authors  of  “Ready-MoneyMortiboy.” 

The  Monks  of  Thelema.  By 
Walter  Besant  and  James  Rice. 


By  Celia’s  Arbour.  By  Walter 

Besant  and  James  Rice. 

’Twas  in  Trafalgar’s  Bay.  By 

Walter  Besant  and  James  Rice. 

Juliet’s  Guardian.  By  Mrs.  H. 
Lovett  Cameron. 

Surly  Tim.  By  F.  H.  Burnett. 
The  Cure  of  Souls.  By  Mac- 

laren  Cobban. 

The  Woman  in  White.  By 

Wilkie  Collins. 

Antonina.  By WilkieCollins. 
Basil.  By  Wilkie  Collins. 
Hide  and  Seek.  By  the  same. 
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Popular  Novels — continued. 

The  Queen  of  Hearts.  By 

Wilkie  Collins. 

The  Dead  Secret.  By  the  same. 
My  Miscellanies.  By  the  same. 
The  Moonstone.  By  the  same. 
Man  and  Wife.  By  the  same. 
Poor  Miss  Finch.  By  the  same. 
Miss  or  Mrs.  ? By  the  same. 
TheNewMagdalen.  By  the  same. 
The  Frozen  Deep.  By  the  same. 

The  Law  and  the  Lady.  By 

Wilkie  Collins. 

The  Two  Destinies.  By  Wilkie 

Collins. 

The  Haunted  Hotel.  By  W ilkie 
Collins. 

Roxy.  By  Edward  Eggleston. 
Felicia.  M.  Betham-Edwards. 
Filthy  Lucre.  By  Albany  de 

Fonblanque. 

Olympia.  By  R.  E.  Francillon. 
Dick  Temple.  By  James 

Greenwood. 

Under  the  Greenwood  Tree. 

By  Thomas  Hardy. 

An  Heiress  of  Red  Dog.  By 

Bret  Harte. 

The  Luck  of  Roaring  Camp. 

By  Bret  Harte. 

Gabriel  Conroy.  Bret  Harte. 
Fated  to  be  Free.  By  Jean 

Ingelow. 

Confidence.  By  Henry  James, 

Jun. 

The  Queen  of  Connaught.  By 

Harriett  Jay. 

The  Dark  Colleen.  By  Har- 
riett Jay. 

Number  Seventeen.  By  Henry 

Kingsley. 

Oakshott  Castle.  By  the  same. 
Patricia  Kemball.  By  E.  Lynn 

Linton. 

TheAtonementofLeamDundas 

By  E.  Lynn  Linton. 


The  World  Well  Lost.  By  E. 

Lynn  Linton. 

The  Waterdale  Neighbours. 

By  Justin  McCarthy. 

My  Enemy’s  Daughter.  By 

Justin  McCarthy. 

Linley  Rochford.  By  the  same. 
A Fair  Saxon.  By  the  same. 
DearLadyDisdain.  By  the  same. 
Miss  Misanthrope.  By  Justin 

McCarthy. 

Lost  Rose.  By  Katharine  S. 

Macquoid. 

The  Evil  Eye.  By  Katharine 

S.  Macquoid. 

Open!  Sesame!  By  Florence 
Marryat. 

Whiteladies.  Mrs.  Oliphant. 
Held  in  Bondage.  By  Ouida. 
Strathmore.  By  Ouida. 
Chandos.  By  Ouida. 

Under  Two  Flags.  By  Ouida. 
Idalia.  By  Ouida. 

Cecil  Castlemaine.  By  Ouida. 
Tricotrin.  By  Ouida. 

Puck.  By  Ouida. 

Folie  Farine.  By  Ouida. 

Dog  of  Flanders.  By  Ouida. 
Pascarel.  By  Ouida. 

Two  Little  Wooden  Shoes.  By 

Ouida. 

Signa.  By  Ouida. 

In  a Winter  City.  By  Ouida. 
Ariadne.  By  Ouida. 

Fallen  Fortunes.  By  J.  Payn. 
Halves.  By  James  Payn. 
What  He  Cost  Her.  By  ditto. 
By  Proxy.  By  James  Payn. 

Less  Black  than  We’re  Painted. 

By  James  Payn. 

The  Best  of  Husbands.  By 

James  Payn. 
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BOOKS  PUBLISHED  BY 


Popular  Novels— continue 

Walter’s  Word.  By  J.  Payn. 
The  Mystery  of  Marie  Roget. 

By  Edgar  A.  Poe. 

Her  Mother’s  Darling.  By  Mrs. 

J.  H.  Riddell. 

Gaslight  and  Daylight.  By 

George  Augustus  Sala. 

Bound  to  the  Wheel.  By  John 

Saunders. 

Guy  Waterman.  J.  Saunders. 

One  Against  the  World.  By 

John  Saunders. 

The  Lion  in  the  Path.  By  John 

and  Katherine  Saunders. 


Tales  for  the  Marines.  By 

Walter  Thornbury. 

The  Way  we  Live  Now.  By 

Anthony  Trollope. 

The  American  Senator.  By 

Anthony  Trollope. 

Diamond  Cut  Diamond.  By 

T.  A.  Trollope. 

An  Idle  Excursion.  By  Mark 

Twain. 

Adventures  of  Tom  Sawyer. 

By  Mark  Twain. 

A Pleasure  Trip  on  the  Conti- 

nent of  Europe.  By  Mark  Twain. 


Fcap.  8vo,  picture  covers,  is.  each. 

Jeff  Briggs’s  Love  Story.  By  Bret  Harte. 

The  Twins  of  Table  Mountain.  By  Bret  Harte. 

Mrs.  Gainsborough’s  Diamonds.  By  Julian  Hawthorne. 
Kathleen  Mavourneen.  By  the  Author  of  “That  Lass  o’  Lowrie’s. ” 
Lindsay’s  Luck.  By  the  Author  of  “ That  Lass  o’  Lowrie’s.” 
Pretty  Polly  Pemberton.  By  Author  of  “ That  Lass  o’  Lowrie’s.” 
Trooping  with  Crows.  By  Mrs.  Pirkis. 

Two  Vols.  8vo,  cloth  extra,  with  Illustrations,  iol  6 d. 

Plutarch’s  Lives  of  Illustrious  Men. 

Translated  from  the  Greek,  with  Notes,  Critical  and  Historical,  and  a 
Life  of  Plutarch,  by  John  and  William  Langhorne.  New  Edi- 
tion, with  Medallion  Portraits. 


Crown  8vo,  cloth  extra,  7s.  6d. 

Primitive  Manners  and  Customs. 

By  James  A.  Farrer. 

“ A book  which  is  really  both  instructive  and  amusing,  and  which  will  open  a 
new  field  of  thought  to  many  readers .” — Athenaeum. 

11  An  admirable  example  0/  the  application  of  the  scientific  method  and  the 
working  of  the  truly  scientific  spirit — Saturday  Review. 

Small  8vo,  cloth  extra,  with  Illustrations,  3J.  6d. 

Prince  of  Argolis,  The : 

A Story  of  the  Old  Greek  Fairy  Time.  ByJ.  Moyr  Smith.  With 
130  Illustrations  by  the  Author. 

Crown  8vo,  cloth  extra,  with  Portrait  and  Facsimile,  7s.  6 d. 

Prout  (Father),  The  Final  Reliques  of. 

Collected  and  Edited,  from  MSS.  supplied  by  the  family  of  the  Rev. 
Francis  Mahony,  by  Blanchard  Jerrold. 
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Proctor's  (R.  A.)  Works: 

Easy  Star  Lessons  for  Young  Learners.  With  Star  Maps  for 
Every  Night  in  the  Year,  Drawings  of  the  Constellations,  &c.  By  Richard 
A.  Proctor.  Crown  8vo,  cloth  extra,  6s.  [In  preparation. 

Myths  and  Marvels  of  Astronomy.  By  Rich.  A.  Proctor, 

Author  of  “ Other  Worlds  than  Ours,”  &c.  Demy  8vo,  cloth  extra,  12 s.  6d. 

Pleasant  Ways  in  Science.  By  Richard  A.  Proctor. 

Crown  8vo,  cloth  extra,  10s.  6d. 

Rough  Ways  made  Smooth : A Series  of  Familiar  Essays  on 

Scientific  Subjects.  By  R.  A.  Proctor.  Crown  8vo,  cloth,  10 s.  6d. 

Our  Place  among  Infinities  : A Series  of  Essays  contrasting 
our  Little  Abode  in  Space  and  Time  with  the  Infinities  Around  us.  By 
Richard  A.  Proctor.  Crown  8vo,  cloth  extra,  6s. 

The  Expanse  of  Heaven  : A Series  of  Essays  on  the  Wonders 

of  the  Firmament.  By  Richard  A.  Proctor.  Crown  8vo,  cloth,  6$. 

Wages  and  Wants  of  Science  Workers.  Showing  the  Re- 
sources of  Science  as  a Vocation,  and  Discussing  the  Scheme  for  their 
Increase  out  of  the  National  Exchequer.  By  Richard  A.  Proctor. 
Crown  8vo,  is.  6d. 

“ Mr . Proctor , of  all  writers  of  our  time , best  conforms  to  Matthew 
A mold ’s  cotiception  of  a ma?i  of  culture,  in  that  he  strives  to  humanise 
knowledge  and  divest  it  of  whatever  is  harsh , crude,  or  technical,  and  so 
makes  it  a source  of  happiness  and  brightness  for  all." — Westminster 
Review. 


Crown  8vo,  cloth  extra,  gilt,  ys.  6d. 

Pursuivant  of  Arms,  The; 

or,  Heraldry  founded  upon  Facts.  A Popular  Guide  to  the  Science  of 
Heraldry.  By  J.  R.  Planche,  Somerset  Herald.  With  Coloured 
Frontispiece,  Plates,  and  200  Illustrations. 

Crown  8vo,  cloth  extra,  with  Illustrations,  ys.  6 d. 

Rabelais'  Works. 

Faithfully  Translated  from  the  French,  with  variorum  Notes,  and 
numerous  characteristic  Illustrations  by  Gustave  Dore. 

“ His  buffoonery  was  not  merely  Brutus's  rough  skin,  which  contained  a rod 
of  gold : it  was  necessary  as  an  amulet  against  the  monks  and  legates ; and 
he  must  be  classed  with  the  greatest  creative  minds  in  the  world— with  Shake - 
speare,  with  Dante,  and  with  Cervantes." — S.  T.  Coleridge. 

Crown  8vo,  cloth  gilt,  with  numerous  Illustrations,  and  a beautifully 
executed  Chart  of  the  various  Spectra,  ys.  6d. 

Rambosson's  Astronomy. 

By  J.  Rambosson,  Laureate  of  the  Institute  of  France.  Translated 
by  C.  B.  Pitman.  Profusely  Illustrated. 

Square  8vo,  cloth  extra,  gilt,  ioj.  6d. 

Rimmer’s  Our  Old  Country  Towns. 

Described  by  Pen  and  Pencil.  With  over  50  Illustrations  by  Alfred 
Rimmer.  [Zn  preparation. 
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Crown  8vo,  cloth  extra,  ioj.  6 d, 

Richardson’s  (Dr.)  A Ministry  of  Health, 

and  other  Papers.  By  Benjamin  Ward  Richardson,  M.D.,  &c. 

“ This  highly  interesting  volume  contains  upwards  of  nine  addresses , "written 
in  the  author’s  -well-known  style,  and  full  of  great  and  good  thoughts.  . . . The 
i work  is,  like  all  those  of  the  author,  that  of  a man  of  genius,  of  great  power,  of 
experience,  and  noble  independence  of  thought." — Popular  Science  Review. 


Handsomely  printed,  price  5.1; 

Roll  of  Battle  Abbey,  The ; 

or,  A List  of  the  Principal  Warriors  who  came  over  from  Normandy 
with  William  the  Conqueror,  and  Settled  in  this  Country,  a.d.  1066-7. 
Printed  on  fine  plate  paper,  nearly  three  feet  by  two,  with  the  prin- 
cipal Arms  emblazoned  in  Gold  and  Colours. 


Two  Vols.,  large  4to,  profusely  Illustrated,  half-morocco,  £2  16s. 

Rowlandson,  the  Caricaturist. 

A Selection  from  his  Works,  with  Anecdotal  Descriptions  of  his  Famous 
Caricatures,  and  a Sketch  of  his  Life,  Times,  and  Contemporaries. 
With  nearly  400  Illustrations,  mostly  in  Facsimile  of  the  Originals.  By 
Joseph  Grego,  Author  of  “James  Gillray,  the  Caricaturist ; his  Life, 
Works,  and  Times.” 

“ Mr . Grego' s excellent  account  of  the  "works  of  Thomas  Rowlandson  . . 
illustrated  with  some  400  spirited,  accurate , and  clever  transcripts  from  his 
designs.  . . . The  thanks  of  all  who  care for  what  is  onghial  and  personal  in 

art  are  due  to  Mr.  Grego  for  the  pains  he  has  been  at,  and  the  time  he  has  ex- 
pended, in  the  preparation  of  this  very  pleasant,  very  careful,  and  adequate 
memorial." — Pall  Mall  Gazette. 


Crown  8vo,  cloth  extra,  profusely  Illustrated,  41.  6d.  each. 

14  Secret  Out”  Series,  The. 


The  Pyrotechnist’s  Treasury; 

or,  Complete  Art  of  Making  Fire- 
works. By  Thomas  Kentish.  With 
numerous  Illustrations. 

The  Art  of  Amusing : 

A Collection  of  Graceful  Arts,  Games, 
Tricks,  Puzzles,  and  Charades.  By 
Frank  Bellew.  300  Illustrations. 

Hanky-Panky  : 

Very  Easy  Tricks,  Very  Difficult 
Tricks, White  Magic,  Sleight  of  Hand. 
Edited  by  W.  H.  Cremer.  200  Illus- 
trations. 

The  Merry  Cirole : 

A Book  of  New  Intellectual  Games 
and  Amusements.  By  Clara  Bellew. 
Many  Illustrations. 


Magician’s  Own  Book  : 

Performances  with  Cups  and  Balls, 
Eggs,  Hats,  Handkerchiefs,  &c.  All 
from  Actual  Experience.  Edited  by 
W.  H.  Cremer.  200  Illustrations. 

Magic  No  Mystery  : 

Tricks  with  Cards,  Dice,  Balls,  &c., 
with  fully  descriptive  Directions  ; the 
Art  of  Secret  Writing  ; Training  of 
Performing  Animals,  &c.  Coloured 
Frontispiece  and  many  Illustrations. 

The  Secret  Out : 

One  Thousand  Tricks  with  Cards,  and 
other  Recreation.*  ; with  Entertaining 
Experiments  in  Drawing-room  or 
“White  Magic.”  By  W.  H.  Cremer. 
300  Engravings. 
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Crown  8vo,  cloth  extra,  6*. 

Senior’s  Travel  and  Trout  in  the  Antipodes. 

An  Angler’s  Sketches  in  Tasmania  and  New  Zealand.  By  William 
Senior  ("Red  Spinner”),  Author  of  “ Stream  and  Sea.” 

“ In  every  may  a happy  production.  • . . What  Turner  effected  in  colour  on 
canvas , Mr.  Senior  may  be  said  to  effect  by  the  force  0/  a practical  mind , in  lan- 
guage that  is  magnificently  descriptive , on  his  subject.  There  is  hi  both  painter 
and  writer  the  same  magical  combination  of  idealism  and  realism,  and  the  same 
hearty  appreciation  for  all  that  is  sublime  and  pathetic  in  natural  scenery.  That 
there  is  an  undue  share  of  travel  to  the  number  of  trout  caught  is  certainly  not 
Mr.  Senior’s  fault',  but  the  comparative  scarcity  of  the  prince  of  fishes  is 
adequately  atoned  for,  in  that  the  writer  was  led  pretty  well  through  all  the 
glorious  scenery  of  the  antipodes  in  quest  of  him.  ...  So  great  is  the  charm  a?id 
the  freshness  and  the  ability  of  the  book , that  it  is  hai  d to  put  it  down  when  once 
taken  up.” — Home  N ews. 


Shakespeare  and  Shakespeareana : 

Shakespeare,  The  First  Folio.  Mr.  William  Shakespeare's 

Comedies,  Histories,  and  Tragedies.  Published  according  to  the  true 
Originall  Copies.  London,  Printed  by  Isaac  Iaggard  and  Ed.  Blount, 
1623. — A Reproduction  of  the  extremely  rare  original,  in  reduced  facsimile 
by  a photographic  process — ensuring  the  strictest  accuracy  in  every  detail. 
Small  8vo,  half-Roxburghe,  10 s.  6 d. 

“ To  Messrs.  Chatto  and  Windus  belongs  the  merit  of  having  done  more 
to  facilitate  the  critical  study  of  the  text  of  our  great  dramatist  than  all  the 
Shakespeare  clubs  and  societies  put  together.  A complete  facsimile  of  the 
celebrated  First  Folio  edition  of  167.^  for  half-a-guinea  is  at  once  a miracle  of 
cheapness  and  enterprise.  Being  in  a reduced  form , the  type  is  necessarily 
rather  diminutive,  but  it  is  as  distinct  as  in  a genuine  copy  of  the  original , 
and  will  be  found  to  be  as  useful  and  far  more  handy  to  the  student  than  the 
latter.” — Athenaeum. 

Shakespeare,  The  Lansdowne.  Beautifully  printed  in  red 
and  black,  in  small  but  very  clear  type.  With  engraved  facsimile  of 
Droeshout’s  Portrait.  Post  8vo,  cloth  extra,  7 s.  6d. 

Shakespeare  for  Children:  Tales  from  Shakespeare.  By 

Charles  and  Mary  Lamb.  With  numerous  Illustrations,  coloured  and 
plain,  by  J.  Moyr  Smith.  Crown  4to,  cloth  gilt,  10s.  6(1. 

Shakespeare  Music,  The  Handbook  of.  Being  an  Account  of 

Three  Hundred  and  Fifty  Pieces  of  Music,  set  to  Words  taken  from  the 
Plays  and  Poems  of  Shakespeare,  the  compositions  ranging  from  the  Eliza- 
bethan Age  to  thePresent  Time.  By  Alfred  Roffe.  4to, half-Roxburghe,  7 s, 

Shakespeare,  A Study  of.  By  Algernon  Charles  Swin- 
burne. Crown  8vo,  cloth  extra,  8$. 


Crown  8vo, 'cloth  extra,  gilt,  with  10  full-page  Tinted  Illustrations,  7s.  6 d. 

Sheridan’s  Complete  Works, 

wkh  Life  and  Anecdotes.  Including  his  Dramatic  Writings,  printed 
from  tbe^Original  Editions,  his  Works  in  Prose  and  Poetry,  Transla- 
tions, Speeches,  jokes,  Puns,  &c.  ; with  a Collection  of  Sheridaniana. 
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Crown  8vo,  cloth  extra,  with  Illustrations,  ys.  6d. 

Signboards : 

Their  History.  With  Anecdotes  of  Famous  Taverns  and  Remarkable 
Characters.  By  Jacob  Larwood  and  John  Camden  Hotten. 
With  nearly  ioo  Illustrations. 

“ Even  if  we  were  ever  so  maliciously  inclined , we  could  not  pick  out  all  Messrs. 
Larwood  and  Hotten  s plums,  because  the  good  things  are  so  numerous  as  to  defy 
the  most  wholesale  depredation.” — Times. 


Crown  8vo,  cloth  extra,  gilt,  6s.  6d. 

Slang  Dictionary,  The : 

Etymological,  Historical,  and  Anecdotal.  An  Entirely  New 
Edition  , revised  throughout,  and  considerably  Enlarged. 

“ We  are  glad  to  see  the  Slang  Dictionary  reirrinted  and  enlarged.  From  a high 
scientific  point  of  view  this  book  is  not  to  be  despised.  Of  course  it  cannot  fail  to 
be  amusing  also.  It  contaitis  the  very  vocabulary  of  unrestrained  humour , and 
oddity,  and  grotesqueness.  In  a word,  it  provides  valuable  material  both  for  the 
student  of  language  and  the  student  of  human  nature.” — Academy. 


Exquisitely  printed  in  miniature,  cloth  extra,  gilt  edges,  2 s.  6d. 

Smoker’s  Text-Book,  The. 

By  J.  Hamer,  F.R.S.L. 


Crown  8vo,  cloth  extra,  55. 

Spalding’s  Elizabethan  Demonology : 

An  Essay  in  Illustration  of  the  Belief  in  the  Existence  of  Devils,  and 
the  Powers  possessed  by  them,  with  Special  Reference  to  Shakspere 
and  his  Works.  By  T.  Alfred  Spalding,  LL.B. 

“ A very  thoughtful  and  weighty  book,  which  cannot  but  be  welcome  to  every 
earnest  student.” — Academy. 


Crown  4to,  uniform  with  “Chaucer  for  Children,”  with  Coloured 
Illustrations,  cloth  gilt,  ioj.  6 d. 

Spenser  for  Children. 

By  M.  H.  Towry.  With  Illustrations  in  Colours  by  Walter  J. 
Morgan. 

“ Spenser  has  simply  been  transferred  into  plain  prose,  with  here  and  there  a 
line  or  stanza  quoted,  where  the  meaning  and  the  diction  are  within  a child 's 
comprehetision,  and  additional  point  is  thus  given  to  the  narrative  without  the 

cost  of  obscurity.  . . . Altogether  the  work  has  been  well  and  carefully  done." 
— The  Times. 

Demy  8vo,  cloth  extra,  Illustrated,  2 is. 

Sword,  The  Book  of  the  : 

Being  a History  of  the  Sword,  and  its  Use,  in  all  Times  and  in  all 
Countries.  By  Captain  Richard  Burton.  With  numerous  Illustra- 
tions. [/«  preparation . 
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Crown  8vo,  cloth  extra,  9s. 

Stedman’s  Victorian  Poets: 

Critical  Essays.  By  Edmund  Clarence  Stedman. 

“ We  ought  to  be  thankful  to  those  who  do  critical  work  with  competent  skill 
and  understanding , with  honesty  of  purpose,  and  with  diligence  and  thoroughness 
of  execution.  And  Mr.  Stedman , having  chosen  to  work  in  this  line,  deserves  the 
thanks  of  English  scholars  by  these  qualities  <md  by  something  more  ; . 

he  is  faithful,  studious,  and  discerning.'' — Saturday  Review. 


Crown  8vo,  cloth  extra,  with  Illustrations,  7s.  6 d. 

Strutt’s  Sports  and  Pastimes  of  the  People 

of  England  ; including  the  Rural  and  Domestic  Recreations,  May 
Games,  Mummeries,  Shows,  Processions,  Pageants,  and  Pompous 
Spectacles,  from  the  Earliest  Period  to  the  Present  Time.  With  140 
Illustrations.  Edited  by  William  Hone. 


Crown  8vo,  cloth  extra,  with  Illustrations,  7s.  6d. 

Swift’s  Choice  Works, 

In  Prose  and  Verse.  With  Memoir,  Portrait,  and  Facsimiles  of  the 
Maps  in  the  Original  Edition  of  “Gulliver’s  Travels.” 


Swinburne’s  Works : 

The  Queen  Mother  and  Rosa- 

mond.  Fcap.  8vo,  5 s. 

Atalanta  in  Calydon. 

A New  Edition.  Crown  8vo,  6s. 

Chastelard. 

A Tragedy.  Crown  8vo,  7 s. 

Poems  and  Ballads. 

First  Series.  Fcap.  8vo,  95.  Also 
in  crown  8vo,  at  same  price. 

Poems  and  Ballads. 

Second  Series.  Fcap.  8vo,  9s.  Also 
in  crown  8vo,  at  same  price. 

Notes  on  “Poems  and  Bal- 

lads.” 8vo,  is. 

William  Blake  : 

A Critical  Essay.  With  Facsimile 
Paintings.  Demy  8vo,  16$. 

Songs  before  Sunrise. 

Crown  8vo,  10 s.  6d. 


Bothwell  : 

A Tragedy.  Crown  8vo,  12s.  6 d. 

George  Chapman  : 

An  Essay.  Crown  8vo,  7 s. 

Songs  of  Two  Nations. 

Crown  8vo,  6s. 

Essays  and  Studies. 

Crown  8vo,  12s. 

Erechtheus : 

A Tragedy.  Crown  8vo,  6s. 

Note  of  an  English  Republican 

on  the  Muscovite  Crusade.  8vo,  is. 

A Note  on  Charlotte  Bronte. 

Crown  8vo,  6s. 

A Study  of  Shakespeare. 

Crown  8vo,  8s. 

Songs  of  the  Spring-Tides.  By 

Algernon  C.  Swinburne.  Crown 
8vo,  cloth  extra,  6s. 


Medium  8vo,  cloth  extra,  with  Illustrations,  7s. 

Syntax’s  (Dr.)  Three  Tours, 

in  Search  of  the  Picturesque,  in  Search  of  Consolation,  and  in  Search 
of  a Wife.  With  the  whole  of  Rowlandson’s  droll  page  Illustra- 
tions, in  Colours,  and  Life  of  the  Author  by  J.  C.  Hotten. 
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Four  Vols.  small  8vo,  cloth  boards,  301. 

Taine’s  History  of  English  Literature. 

Translated  by  Henry  Van  Laun. 

%*  Also  a Popular  Edition,  in  Two  Vols.  crown  8vo,  cloth  extra,  15.1. 
Crown  8vo,  cloth  gilt,  profusely  Illustrated,  6s. 

Tales  of  Old  Thule. 

Collected  and  Illustrated  by  J.  Moyr  Smith. 

“ It  is  not  often  that  -we  meet  with  a volume  of  fairy  tales  possessing  more  fully 
the  double  recommendation  of  absorbing  interest  and  purity  of  tone  than  does  the 
one  before  us  containing  a collection  of  ‘ Tales  of  Old  Thule.  These  come , to 
say  the  least,  near  fulfilling  the  idea  of  perfect  works  of  the  kind ; and  the  illus- 
trations with  which  the  volume  is  embellished  are  equally  excellent.  . . . We 

commend  the  book  to  parents  and  teachers  as  an  admirable  gift  to  their  children 
and  pupils.  ** — Literary  World. 

One  Vol.  crown  8vo,  cloth  extra,  ys.  6d. 

Taylor’s  (Tom)  Historical  Dramas: 

“ Clancarty,”  “Jeanne  Dare,”  “ ’Twixt  Axe  and  Crown,”  “The  Fool’s 
Revenge,”  “ Arkwright’s  Wife,”  “ Anne  Boleyn,"  “ Plot  and  Passion.” 
***  The  Plays  may  also  be  had  separately,  at  Is.  each. 

Crown  8vo,  cloth  extra,  with  Coloured  Frontispiece  and  numerous 

Illustrations,  ys.  6d. 

Thackerayana : 

Notes  and  Anecdotes.  Illustrated  by  a profusion  of  Sketches  by 
William  Makepeace  Thackeray,  depicting  Humorous  Incidents 
in  his  School-life,  and  Favourite  Characters  in  the  books  of  his  every- 
day reading.  With  Hundreds  of  Wood  Engravings,  facsimiled  from 
Mr.  Thackeray’s  Original  Drawings. 

“ It  would  have  been  a real  loss  to  bibliographical  literature  had  copyright 
difficulties  deprived  the  general  public  of  this  very  amusing  collection.  One  of 
Thackeray' s habits , from  his  schoolboy  days , was  to  ornament  the  margins  and 
blank  pages  of  the  books  he  had  in  use  with  caricature  illustrations  of  their 
contents.  This  gave  special  value  to  the  sale  of  his  library , and  is  almost  cause  ~ 
for  regret  that  it  could  not  have  been  preserved  in  its  integrity.  Thackeray’s 
place  in  literature  is  eminent  enough  to  have  made  this  an  interest  to  future 
generations . The  anonymous  editor  has  done  the  best  that  he  could  to  compen- 
sate for  the  lack  of  this.  It  is  an  admirable  addendum , not  only  to  his  collected 
works,  but  also  to  any  memoir  of  him  that  has  been,  or  that  is  likely  to  be, 
written f — British  Quarterly  Review. 

Crown  8vo,  cloth  extra,  with  numerous  I lustrations,  ys.  6d. 

Thornbury’s  (Walter)  Haunted  London. 

A New  Edition,  edited  by  Edward  Walford,  M.A.,  with  numerous 
Illustrations  by  F.  W.  Fairholt,  F.S.A. 

“ Mr.  Thombury  knew  and  loved  his  Lonaon.  . . . He  had  read  much  his- 

tory, and  every  by-lane  and  every  court  had  associations  for  him.  His  memory 
anil  his  note  books  were  stored  with  anecdote,  and,  as  he  had  singular  skill  in  the 
matter  of  narration,  it  will  be  readily  believed  that  when  he  took  to  writing  a set 
book  about  the  places  he  knew  and  cared  for , the  said  book  would  be  charming. 
Charming  the  volume  before  us  certainly  is.  1 1 may  be  begun  in  the  beginning,  or 
middle,  or  end , it  is  all  one : wherever  one  lights,  there  is  some  pleasant  and 
curious  bits  of  gossip,  some  amusing  fragment  of  allusion  or  quotation.” — Vanity 
Fair. 
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Crown  8vo,  cloth  extra,  gilt  edges,  with  Illustrations,  7 s.  6 d. 

Thomson's  Seasons  and  Castle  of  Indolence. 

With  a Biographical  and  Critical  Introduction  by  Allan  Cunning- 
ham, and  over  50  fine  Illustrations  on  Steel  and  Wood. 

Crown  8vo,  cloth  extra,  with  Illustrations,  7 s.  6d. 

Timbs'  Clubs  and  Club  Life  in  London. 

With  Anecdotes  of  its  famous  Coffee-houses,  Hostelries,  and  Taverns . 
By  John  Timbs,  F.S.A.  With  numerous  Illustrations. 

Crown  8vo,  cloth  extra,  with  Illustrations,  ys.  6 d. 

Timbs'  English  Eccentrics  and  Eccentrici- 
ties: Stories  of  Wealth  and  Fashion,  Delusions,  Impostures,  and 
Fanatic  Missions,  Strange  Sights  and  Sporting  Scenes,  Eccentric 
Artists,  Theatrical  Folks,  Men  of  Letters,  &c.  By  John  Timbs, 
F.S.A.  With  nearly  50  Illustrations. 


Demy  8vo,  cloth  extra,  14J. 

Torrens'  The  Marquess  Wellesley, 

Architect  of  Empire.  An  Historic  Portrait.  Forming  Vol.  I.  of  Pro- 
Consul  and  Tribune  : Wellesley  and  O’Connell  : Historic 
Portraits.  By  W.  M.  Torrens,  M.P.  In  Two  Vols. 


Crown  8vo,  cloth  extra,  with  Coloured  Illustrations,  ys.  6d. 

Turner’s  ( J.  M.  W.)  Life  and  Correspondence. 

Founded  upon  Letters  and  Papers  furnished  by  his  Friends  and  fellow- 
Academicians.  By  Walter  Thornbury.  A New  Edition,  con- 
siderably Enlarged.  With  numerous  Illustrations  in  Colours,  facsimiled 
from  Turner’s  original  Drawings. 

Two  Vols.,  crown  8vo,  cloth  extra,  with  Map  and  Ground- Plans,  14J. 

Walcott’s  Church  Work  and  Life  in  English 

Minsters ; and  the  English  Student’s  Monasticon.  By  the  Rev. 
Mackenzie  E.  C.  Walcott,  B.D. 


Large  crown  8vo,  cloth  antique,  with  Illustrations,  7 s.  6 d. 

Walton  and  Cotton's  Complete  Angler; 

or,  The  Contemplative  Man’s  Recreation  : being  a Discourse  of  Rivers. 
Fishponds,  Fish  and  Fishing,  written  by  Izaak  Walton  ; and  In- 
structions how  to  Angle  for  a Trout  or  Grayling  in  a clear  Stream,  by 
Charles  Cotton.  With  Original  Memoirs  and  Notes  by  Sir  Harris 
Nicolas,  and  61  Copperplate  Illustrations. 


Carefully  printed  on  paper  to  imitate  the  Original,  22  in.  by  14  in.,  zs. 

Warrant  to  Execute  Charles  I. 

An  exact  Facsimile  of  this  important  Document,  with  the  Fifty-nine 
Signatures  of  the  Regicides,  and  corresponding  Seals. 
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20th  Annual  Edition,  for  1880,  cloth,  full  gilt,  50J. 

Walford’s  County  Families  of  the  United 

Kingdom.  A Royal  Manual  of  the  Titled  and  Untitled  Aristocracy  of 
Great  Britain  and  Ireland.  By  Edward  Walford,  M.  A.,  late  Scholar 
of  Balliol  College,  Oxford.  Containing  Notices  of  the  Descent,  Birth, 
Marriage,  Education,  &c.,  of  more  than  12,000  distinguished  Heads  of 
Families  in  the  United  Kingdom,  their  Heirs  Apparent  or  Presump- 
tive, together  with  a Record  of  the  Patronage  at  their  disposal,  the 
Offices  which  they  hold  or  have  held,  their  Town  Addresses,  Country 
Residences,  Clubs,  &c. 


Beautifully  printed  on  paper  to  imitate  the  Original  MS.,  price  2 s. 

Warrant  to  Execute  Mary  Queen  of  Scots. 

An  exact  Facsimile,  including  the  Signature  of  Queen  Elizabeth,  and  a 
Facsimile  of  the  Great  Seal. 


Crown  8vo,  cloth  limp,  with  numerous  Illustrations,  4J.  6d. 

Westropp’s  Handbook  of  Pottery  and  Porce- 
lain ; or,  History  of  those  Arts  from  the  Earliest  Period.  By  Hodder 
M.  Westropp,  Author  of  “ Handbook  of  Archaeology,  ” &c.  With 
numerous  beautiful  Illustrations,  and  a List  of  Marks. 


Seventh  Edition.  Square  8vo,  is. 

Whistler  v.  Ruskin : Art  and  Art  Critics. 

By  J.  A.  Macneill  Whistler. 


Crown  8vo,  cloth  extra,  with  Illustrations,  4J.  6 d. 

Williams’  A Simple  Treatise  on  Heat. 

By  W.  Mattieu  Williams,  F.R.A.S.,  F.C.S.,  Author  of  " The  Fuel 
of  the  Sun,  &c.  With  numerous  Illustrations.  [In  the  press. 


Crown  8vo,  cloth  extra,  with  Illustrations,  ys.  6d. 

Wright’s  Caricature  History  of  the  Georges. 

(The  House  of  Hanover.)  With  400  Pictures,  Caricatures,  Squibs, 
Broadsides,  Window  Pictures,  &c . By  T homas  W right,  M . A. , F. S.  A . 


Large  post  8vo,  cloth  extra,  gilt,  with  Illustrations,  7s.  6d. 

Wright’s  History  of  Caricature  and  of  the 

Grotesque  in  Art,  Literature,  Sculpture,  and  Painting,  from  the 
Earliest  Times  to  the  Present  Day.  By  Thomas  Wright,  M.A., 
F.S.A.  Profusely  Illustrated  by  F.  W.  Fairholt,  F.S.A. 
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